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PREFACE 



LiTEEATi'RE upoH tlio aiiplitiitioii of the Konlgen rays has be- 
come very extensive, ilniiv ("iitrildiliiuic liavo Ix-cii inaiL' during 
the last few years, ami a iiiimlxT of si'lciidii! ti-xt-books, like those 
of Morton. Goi-ht. Miiller. Doiiath, Williams. Walsh, and AIIrts- 
Sehoenberj;. were written on this facfinating suhjetl. Still none 
of those standard works, while indisiwnsahle for tlie Uiintgen-ray 
worker, treats the large field from a strictly clinical view-point. 
To demonstrate how the Riintgen rays can best be utilized in med- 
ical and surgical practice has therefore U'en the author's aim. 
This desire underlies the continuous allusion to clinical points, and 
especially the numerous illustrations of thcraiK'utic niean^. It en- 
tailed representation of methods (operative steps, application of 
splints, etc.), which at first glance may appear foreign to a treatise 
on the Rontgen rays. But on a closer study it wilt be evident that 
these can be understood only on the basis of an exact knowledge 
of the new science. 

While these factors are the predominating feature of the book, 
the technical points are not neglected. Tlicy are of so complicated 
a nature that they require special study, as do the microscope, the 
laryngoscope, the ophthalmoscope, asepsis, etc. The employment 
of the apparatus must be mastered and the complicated rationale 
of the various changes in the tubes thoroughly understood. 

In the Oencral Part the author has tried to furnish a guide for 
practical work, emphasizing the essential points only. Thus he 
refrained from discussing the elementary principles of electricity 
and from describing the large numlx'r of apparatus in the market 
be<'ause they are thoroughly advertised and explained by the vari- 
ous firms interested. So much may be said, however, that nearly 
all of them are useful, as long as they are in good order. 

As this book is written for physicians, great slres;; has liccn 
also laid on topographic anatomy. Xone except the physician is 
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deemed as competent in Rontgen science. It is only the knowl- 
edge of anatomy and pathology which iiermits correttly placing 
the part to be examined and proper interpretation of the result. 
The many errors which were and are still attribute<l to the rays arc 
not only due to technical faults, but, in the large majority of cases, 
to insufficient knowledge of normal anatomy. To recognise the 
atrophic area in osteosarcoma, or to differentiate a renal calculus 
from intestinal contents in a mediocre skiagraph, to appreciate a 
sesamoid or to define the shadow of an aneurysm, requires much 
scientific knowledge and llontgen experience. 

It must, furthermore, not be forgotten, that valuable as the 
Itontgen method is, it cannot serve ns a substitute, but only as an 
important adjunct to our well-tested dinical methods. 

In the part devoted to Kiinlgen therapy the author has care- 
fully tried to keep facts and conjectures well asunder, appreciating 
the limitations of this new field, which is i^^till in a stage of devel- 
opment. 

The skiagrams are exitet reproductions of phntograpliic prints. 
The author resisted all temptation of emphasizing their essential 
points by artistic intcrfcreni-c. wilh the exception of two illustra- 
tions in which the important points were lost during the process of 
reproduction. None of the repn-sciitations were s<>li'c(ed for tlieir 
pictorial exi-ellencc. but to illustrate the [loints <>( tlio text ; llicre- 
fore the author often had to sjicrifii-e sonic of his Ijcautiful repro- 
ductions for mediocre ones that would IhIIit suliserve tlic special 
purpose. 

It affords the author special pleasure to thank Professor Itont- 
gen for the many courtesies of which he has been ihe recipient at 
his laboratory. Hik sincere iickTiowIcdgmerils arc also due to Pro- 
fessors von Bcrgmann, C'zcrny, Knpnig. I'fuhl. Kochler, Kilde- 
brand, Kocrtc. IlolTa, I-esser. Ijissar. Hochheimer. <!o<ht, Ilelbig, 
Surgeon- General Stcchow, Dr. 5Ia.\ IjCvv, and tn ^lessrs. Siemens 
and Halske, Max Kohl, and the .\llgcmoine Elektricltactsgesell- 
Echaft. Great credit if due to Dr. .T. R. Broome and the publish- 
ers, Messrs. Appletnn & Co., for the typographic and pictorial ex- 
cellence of this book. 

Cart, Beck. 

No, 37 East Thirty-first Street, \e\v York. 
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INTRODUCTION 



TilK XATrUK AXD THK PROPEUTIES OF THE 
It()XTGE-\ KAYS 

The discovery of the womlerfiil ruvs wns nnt a mere lucky 
hit. hut represents the result of iiulefiiti gable sriciitific research. 
That eleetric iniluetion obeys the saitie laws as those governing 
the diffusion of light waves, and that the speed of transmission 
of the electric waves is equal to that of the light waves, has heen 
proved before Rtintgen. In fact, the phenomena of electric dis- 
charge in chtscd tubes of various degrees of exhaustion and filled 
with different gases, had been n favourite subject of exporiniont for 
a large number of phvi^icistf. That there was a markc<l differ- 
ence lietween the phenomena of light at the two electric poles was 
known, as well as the fact that as soon as the vacuum of a tul»e is 
increased to a high degree the light of the positive pole decreases, 
while that of the negative pervades the vacuum more and more. 

The light emanating from the negative pole is called the 
ealhode ray. I^nard and Hittorf found that such rnys have power 
of creating fluorescence, heat, etc., and that they can be deflected 
by a magnet. The vacuum-tulte commonly uschI is generally called 
the Crooki's tul>e, after Sir William t'rookes, who dcrs^rilwd and 
n)o<|{flcd the \\\\tv by bringing the vacuum up to fl.OuiKKH mm. 
The cn-ilit for having originally devised it, however, is due to 
Ofisslcr. the ingenious mechanician of Bonn, a German university 

.\s soon as an electric current of high intensify goes through 
the conducting wires fused into the end of a i\\\yc of this kiml the 
negative electrode, or cathode. Iieeomes surrounded by a faint dark- 
hlue light, while the positive ele<'troile, the anode, sciuls ii ]ieacli- 
eoloured light through the lul)e as far as the light of the cathode. 
As the air is gradually rareficl the positive light aliuost disap- 
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pear ) I tl i ^ut c utlKuU; light extends more and more, 
and final! tills tic ulolt' t be. 

Hertz of Bonn fo 1 1892 that tlie^i- niys penetrated gold- 
leaf an 1 oti er »hH.t of t I. His ex|»erimeiit!i wore continued by 
licntird i Hhs t nt h t t whs reserved for Rontgen to lift the 
>e 1 In tl e o rn of tu Iv of these properties he diBcovered an 
a ton t ng [1 on oi He siirronndod an exiiaiistetl tube with 
bl k] ntbi rl tl ik ^ it ini]»ernieal>le by light. As »oon a^ 

an olttr rr nt nt tl rongli the tube now, the latter threw 
1 gl t upo a scrtn pa nt fl with a light colour (barium plaiino- 
ojanide). 

Now it U'canie evident at oin'c lluit lliore waj; a radiant power 
whit-h, although not perceptible lo the eye, permeated the paste- 
board. Thiri force, heretofore unknown, also showed a marked 
effect on the screen. After finding that the effect of these invis- 
ible rays upon the screen v.'m' constant. Rontgen tried photo- 
graphic experiments alco. He tlicii discnvereil that under the in- 
fluence i>f these rays his hand, resting on the cover of a wooden 
l)ox, gave a sharp silhouette ou a drving plate Ih'Iow, although tho 
cover was not removed. Ho also found (hat paper, wood, and 
even thin disk,-; of metal were permoiible by llic rays, while thick 
disku of metal, bones, etc., produced silhouettes. The greater the 
density was, which to a great extent is proportional to the atomic 
weight, the less the transluccney beeauie. Rontgen modestly sug- 
gested naming the new rays " X-rays,'' until their nature should 
be discovered. It is generally assuuied tiiat tlic Rontgen rays are 
transverse vibrations of the ether, there lieing a si'rien of isolakHl 
impulses in tontrailistiuctiou to the n'gvilur wave phenomenon of 
ordinary light. 

Si-arecly eight years have daiised .•'ince t!ie discovery of the 
Rontgen rays. While we still may speak of an experimental stage, 
the results obtained are marvellous. Many doctrines formerly 
regarded as incontrovertible have since Iktu completely changed. 
It is signilicant that the progress of our ]talhological knowledge 
has altered many clinical pictures, and in extending our diagnostic 
horizon has simjilified our Ihernpy. In the better understanding 
of numerous pathobigical processes a revolutionary change has 
taken place, and it is gratifying to nole Ihiit wiib the clearing up 
of the anatomical conditions by Ihe miraculous rays, the ratio 
between therapy and jiatliological knowledge has bivn altered by 
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a great imrcju-o in tlie Inlter. It in an olil ilictum that the largest 
number of niedicainents is rceoinnionded for those ailinents wliith 
arc least unJeretood. The clearer the understanding Iwomes of 
the genecis and the anatomical n-lations of n pathologieal condi- 
tion, the more the manifold therapeutie methods shrink into a few 
simple principles, which, in fact, couhl Ik- writfen on a finger-nail, 
like the classic preseriptions of ovir great ntodical ancestor. 

Ind<fd. the proofs of the grout iist'fulness of the rays in sur- 
gery as well as in medicine arc now overwhclniirig. The recogni- 
tion of foreign bodies in the remotest corner of the living organ- 
ism has become a matter of ease. I'ractiires and dislocations are 
shown as (hey really arc in life. Aeciiniey takes the pbiee of 
ignorance and doubt, and painful mnni|nilatioits eease to l)c nec- 
essary for diagnostic purposes. Kven the most skilful experts 
in fractures are unable to deny that there is a large number of 
bone-injuries, the character of which could formerly not be recog- 
nised on account of the swelling of the area involved or of the 
obscurity of the symptoms. The niinil)er of cases of fracture for- 
merly mistaken for contusion or distortion was enormous. It 
is in such a ease that a simple gbnice with the fluoroscope fur- 
nishes the most prei'iso evidence. Whether there is comminution 
or impaction, or the intervention of nuiscular tissue, or intra-ar- 
ticular fracture, or as.Miciatiim with a dislocation, can be at once 
clearly determined. If the picture is fixed on a photographic 
plate the nalure of the injury can l)e studied at leisure, and the 
pro|)er line of treatment easily decidinl upon, without siibjecting 
the jiatient to any tentative manipulations. After a dressing is 
applio<l the skiagram shows whether the fragments are in proper 
(Hisition. The execution of all theraiieutie measures can Ik- veri- 
fied through it, the course of treatment l)y the skiagram, the dress- 
ing itself, even if consisting of plaster of Paris, offering no obsta- 
cle to the rays. Thus the therapy is simplifietl and porfeclod, the 
Riintgen guide showing the true nature of the conditions. Now 
it is easily determined whether an ankylosi.'^ is fibrous or osseous; 
and, omHequently, the question whether the breaking up of adhe- 
sions or resection is indicated is settled at once. 

It is needless to call attention to the frcfiuent itniMirtance of 
a skiagraphic proof in court, for the protection of the surgeon as 
well as of the patient. 

Especially in the Ix-ltcr understanding of fractures a revolu- 
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tionarj metaiiiorplioKis Iius takt-ii jilaic. It was not an agreeable 
feature of the raje that they soon lolil most impolitely how often 
we have erred in the true recognition of the various fracture 
tj-pcs. For tliose surgeons, however, who soon appreciated the 
immense value of one of the greatest distoveries of all times, the 
increasing capacity of recognising their own errors has become a 
continuous source of scientific siitisfaction, which found its cul- 
mination in the blameless results of their cases. " Our sight,"' says 
Addison, '" is the most perfect of our wnscs," ami the small flock 
of Thomases who imagine that by virtue of (heir own especially 
developed palpatory talent they can just as well judge any frac- 
ture without the aid of the Hiintgen rays will not escape, in the 
course of time, the natural shrinking of their cell-walls. They 
will share the fulo of antiaseplicisls iind of obstructionists in 
general. 

When the microscope was invented great authorities used to 
speak with unutterable contempt of it, and olliers denounced an- 
lesthesia as an unscriptural procedure. When Ilelmlioltz invented 
the ophthalmoscope, some of those who hear tlic grass grow pro- 
nounced it to he u nice little thing which might be useful for bad 
eyesight, while they llienis<>lvcs, thank Ood, enjoyed good eye- 
sight, and had no need of this new ai-qiiisition for their diagnostic 
armamentarium. When the immortal genius of fhe Italian physi- 
cian, Galvani, practically discovered electricity by his experi- 
nu'uts with the frog, the new force was rcganled as a nice play- 
thing — but what has become of it? Who would, in the face of the 
telegraph, phonograph, telephone, the trolley, the cystoscope, etc., 
dare to say now that electricity is only a little plaything? 

Who nowadays would dare to make a diagnosis of renal dis- 
ease without the niicroscojH'? Is il still an instrument merely 
for specialists? \o. it is indifpensahle for the general practi- 
tioner, for if he does not possess such an instnimenf, find use it 
intelligently, he will be left I)chind. The microscope alone does 
not make the diagnosis, hut without it the diagnosis is not per- 
fect. It is just the same with the Riiutgen rays. The general 
practitioner must use Ihem, and if he does not he will be left 
behind. Qui nou profirit. ilrfirit.' This may he unjust and cruel, 
but it is a fact, and facts are often cmel. 

The knowledge of the vari<ms di.scases of hones has Iwen much 
augmented, and new laws of differentiation Iwlween inflammatory, 
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syphilitic, tuberculous, or osteoiiivelitic processes, and osteoma, 
osteoearconia, and obsgous cysts hnve been established. The pres- 
ence of concretions in the urinary and biliary tracts can be demon- 
strated. 

In internal medicine the rays are also more and more appre- 
ciates! to their full value. Tor the expert they prove t» be of 
incalculable service in the diagnosis of many obscure ailments. 

If it is only realized that most of the diseases of the thoracic 
organs can be recognised and studied by the rays, as. for instance, 
pleurisy, pyothorax, pneumothorax, lung altsccss, tuliercuhnis foci 
and cavities, and emphysema, furthermore that the relations of the 
heart and of the aorta, aneurysms, mediastinal tumours, and ar- 
teriosclerosis can be thoroughly studied, the immense impor- 
tance of the rays for internal medicine becomes at once apparent. 

Besides their diagnostic properties the X-rays exert undeniable 
theraix-utic effects. It is marvellous that not only certain integu- 
mental affections are comjiletcly relieved, but that even malig- 
nant growths are strongly influenced and some of them cured. 
And there is still greater hope for the future! 
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CHAl'TEII I 
THE API'ARATVS 



As alUidwi to Ix'foro, the rays art! projwtt'd by an electric dii*- 
(liiirjie from u pUitinuni disk, incluilcd in a liijihly exhausted glans- 
tubc, which is opposite the negative electrode, or cathode. 

To proiluec the necessary excitation in the exhausted tiiln; 
(vacuum-tul>e or Rontgen tulii') an electric current is rcfjuired. 
But the electric current generally used in an electric-lighting cir- 
cuit would not be powerful enoufth to span the space of air left in 
a Honlgen tube. The ordinary electric-lighting current, as it is 
used for incandescent lamps, is of low pressure or "voltage" 
(generally 120 volts), and of a large rate of flow or "amperes." 
The current for the excitation of a Rontgen tube requires a high 
voltage and an extremely low amperage. Therefore a transforma- 
tion is necessary. In other words, transformation from a current 
of high intensity and low tension into one of less strength and 
high tension must be made. This is accomplished by means of a 
transformation apparatns, preferably in the form of a simple in- 
duction eoil (Ruhmkorff coil). Tesia or high-tension induction 
coils or static machines are al.so in use. 

The essential mechanisms therefore are represented by tho 
source of the current (the pxrHinfj nppiiralv-i), the Iraiisformcr 
which converts the electric energy, furnished by the exciting appa- 
ratus, into a form suitable to the Rontgen tul>e, and the lube, in 
which theeleetrie energy is transformed into Rontgen rays. Some 
additional apparatus, like stands, fluoroscope, and photographic 
appliances, the utilization of which will be considered below, is 
also necessary. 
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The Source of the Current. — Excitation may be produeciS by 
means of ii battery or of a direct L-urrent, the latter, of course, 
being far superior to any other, since there is neither charging 
nor superviping ncccBmiry. Not the least of its advantage!) in 
that it never embarrasses the operator by proving to be inoffi- 
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cient. Accordinfrly, wliencvcr iiossible, connection with the 110- 
or 120-volt direct ciirront slionld be made. 

If the direct cnrrent is not nvnibihle. a so-called E.Iison-La- 
landc cell-biittcry may lie chosen. For use when travelling storage 
Iiatterifs may l>e iireferred, the grciit trouble, however, lieinji that 
if they become exhausted at a distance from a city they cannot be 
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flhargod, while the Edison-Lalande cells can bo re-eharged any- 
where. 

Wlierever the question of transportability must be considered, 
portable apparatus must be used. They are best made up in two 
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Flo. 3.— Fiet.n Apparatus. 

boxes, so that a man can carry one in each hand (Fip. 1). They 
are made equally well by a number of American manufacturers. 
In the field, accumulators answer the purpose best. 

They are placed in larjjo, dosct-likc b»\cs. Fij;s. 2 and 3 rcp- 
rciieut a field-apparatus made up by (he Cvrman (iovenimcnt. 
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They resemble the ainmunition boxes used by the artillery, and are 
easily moved around. 

How much a real master can achieve with poor means is shown 
by Kucttner and Hitdebrand, who during the South African War 
made splendid skiagrams in the battle-field. There was only small 
portable apparatus at their command, they had only poor if any 
ast-istance, but their enthusiasm overcame all difficulties. 

When automobiles containing a 100-volt storage battery are 
available, insulated wires may be run from their batteries to the 
sick-room, where they are connected with the coil. 

The Indnction Coil (see Fig. 9). — While good results can be 
obtained with small iiuhiction coili;, if the hand, forearm, foot, or 
leg are concerned, the be-it work can be done only with strong coils. 
The higher the vacuum of the tulx>s, the more iwnetrating are the 
rays and the more energy is needed to exeilc them. The tubes also 
beeunie impaired pretty soon, if used in connection with small 
coils. It is furthermore impossible to regulate them as well as 
large coils. For the examination of the thicker portions of the 
body, such as the pelvis, spinal column, and for the representa- 
tion of concretions, a small coil is useless. It is certainly tempt- 
ing to buy a cheap apparatus if the firm promises that equally 
good rosidts can be obtained, but practiee shows that the more 
expensive ai>paratus pays liest by giving far su|>erior results. 

This fact is, of course, most deplorable. It is indeed the 
main obstacle in the way of genera! popularization of the Rontgen- 
ray method. 

It is agreed among the best authorities in this field that a 
large coil of a spark-h'ngth of at least 15 inches answers the pur- 
pose suftieiently well. An inductor of this power, with a 110-volt 
direct current, should alTonJ a current strength of from 1 to 2 
amperes. It consists of the core, the primary and secondary coil, 
the terminals of the .-icconilary coil, a condenser, a contact breaker 
(electrolytic interrupter, vibrator, or air-brake wheel), and a 
rheostat (or shunt board). 

The con' cmisists of a cylindrical IuhkIIc of soft-iron wires 
which are firmly bound together. To secure proper insulation the 
core is soaked in shellac or paraffin. In order to insure quick 
demagnetization, and especially to jircvent heating effects, the 
wires should have as small a diameter as possible. 

Upon the insulated core the primary coil, which consists of two 
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liiyon; of coarse copper wire, is wounJ. After 
it in covered with a tube consistiii'; of many 
layers of paralTined paper or of hard rubber, 
the sci-ondary coil is earefiilly wound upon it. 
The diameter of the wire for the secondary 
coil, which is generally wound with cotton or 
witk in (Sections, is wmall. Kach layer must 
Ix" insulated with either shellac or paraitin. 
Many thousands of turns are rw|uired. The 
terminals of the wire connect with two bind- 
ing posts containing two freely sliding rods. 

In order to adapt the coil to sources of 
different |>otentials the primary windinfrs are 
best arranged in four layers, the connection 
of their terminals being such that they can 
he employed in different combinations (see 
Walter arrangi'ment. Fig. 4). By inserting 
plugs (see Fig. 4) into sockets at the eml 
of the core any connection of the primary 
can Ix? made. Th(r resistance of the vacuum- 
tid)c is greatly influenced hy this adjustment. 
(Compare description of U'ehnelt interrupter, 
p. 13.) 

In the interior of the coil a roridenser, 
made of a number of sheels of tinfoil, is 
placed. This makes the interruptions of tlie 
current more sudden, thus increasing Ihc 
electrostatic capacity. If an electrolytic in- 
terrupter is employed no condenser is re- 
quired. 

The Static Hachine. — As alluded to, the 
various kinds of induction coils and trans- 
formers represent what is generally known 
as current or dynamic electricity, while the 
static machine represents electricity at rest. 
In a coil the induction results from the vari- 
ation of currents, which flow in the adjaci-nt 
conductors. But in a static machine the in- 
duction effects are created hy the o])posite and 
like electricities attracting and repelling each 
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other. While the coil iu'eds a cmititiuous supply of current, the 
static iiiachinc reqiiirt's only an initial tliarjie of electricity which is 
imparted as the result of friction. Thus the static machine repre- 




sents tlio most perfect iiiccliaiiiial incaris fur i-reiiliiif: a rapid and 
eonliniKnis sncci'ssii)n of clcctvii' disilinrfres. A slatie machine best 
adiiiitcd for ltiiiilj;en-riiy w.irk is ,mi- in wliidi a lii^:!) rate of 
motion is dcvelopeil, antl tlie current is at liifzli sjwd. Of course 
the fiislcr the aiipariilus is Mm the more current is p;enerated. 
Some of the modern stntic ninchincs cun lie revolved at a speed of 
3.000 revolutions a minute. 

The advautajrc of llie static mailiiue js iluit it requires no cells 
or clieniical action. For fjood T?oiilj:en-riiy u-ork it must also be 
connected with a nu>tor. I'julcr favourable cireuni stances splendid 
work can he dour with it. but it condenses moisture, which affects 
its reliability. The tenijicralure ^ilso influences ir. The fragility 
of gliisi! pave an im]ietus to make the revolvin;: jilalcs of a mixture 
of mica and sbellac. Thus liifrber speed (2,<lOn revolutions in a 
minute) can be obtained with safely, but the practical advantage is 
questionable. 
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In running a sialic madiiiie cure imid be taken to separate the 
sliding-polc pict'cs about 8 iiitlies, t<i unscrew tlic large balls from 
the pole ends, and to remove the Ijeydeii jars. The condenser 
niUft llien be screwed on and llie square platinum disk attached to 
the positive pole of the condenser. The Icnptli of the spark gap 
should be regulated so as to suit the vacuum ; it must be long if 
the lube has a low vacuum, and U' short if it has a high one. 
The ease should often be ventilated in order to give the hygroscopic 
compounds of the o.xvgen and nitrogen, which form during the 
«I)eration. a chance to escai>e. As the oil at the bearings easily 
btt-omes sticky, great care wufit be taken to keep the ends always 
oiled. If the machine oil has kvojuc thick and gummy, the bear- 
ing must \)i- clcane<i with thin oil. Tlie machine must never be 
run backward or with wrong poles. Static machines require 
tubes with a special vacuum. The strong tuix's des<Tibed Ik'Iow are 
generally not to be used in lonneetion with them. The best static 
machines are made in the 
United States. 

The Interrnpter. — With the 
inlrodnction of the electro- 
lytic interrupter by Wehnclt 
the technic became greatly 
simplified. This apparatus, 
invented by Spnttiswoodc and 
modified by Wehnelt. gives a 
most powerful si'condary dis- 
charge, the break of the cir- 
cuit being very rapid. 

The principle of its con- 
struction is that a small plat- 
inum wire is passed through 
a porcelain tube, from the 
sealed end of which its tip 

projects into an a(iueous solution (10 per cent) of sulphuric acid 
(Fig. «). (The regulation of the extent nf (he e\i)osure of the 
platinum surface will be explained further below in connection 
with the handling of the tnlM-s — \>. ;i'i.) 

A lead, cathode of a largo surface is immersed into the same 
fiuid, through which the current is sent. The efficiency of the appa- 
ratus is due to the rapid break caused by the sudden generation of 
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an envelope of noD -con ducting gas (hydrogen and oxygen) around 
the platinum tip. As the expression of the formation of detonat- 
ing fiar! continuous esplosioit-n arc [HTct'ivod, The number of 
breaks varies with the amount of the platinum area exposed, and 
may reach 10,000 per minute. The largo amount of secondary 
energy liberated permits of very short exposures. 

The fluid is contained in a thick phiss jar, the cover of which 
consists of hard rubber. It irarrics the wires, and is perforated 
in order to iK'miit the escape of the gas. 

To prevent the collwtion of gas the interrupter should not 
be kept in n closi't. Explosion of the accuniulatwi gas may ignite 
the closet. Tlie terminus must be connected willi the positive 
pole of the supply circuit, wliJle the lead plate carries the nega- 
tive wire. Non-observance of tins rule is followed by the bum- 
inj; i)f the platinum tip. If the interrupter stoi)s on account 
of a gas-bubble collecting over the platinum tip, so that it pre- 
vents contact Ix-twcen it and tlie liuid, llie current must Ije reversed 
for u moment. It will then iit once fnnctionule again. 

The number of interruptions is somewhat influenced by the 
amount of the surfai-e of platinum expose<l to the electrolyte as 
well as by the strength of the current which passes through it. 
The amount of the projection of the platinum tip is regulated by 
a screw attachment, which jXTmits of adjusting it to interrup- 
tions of different frequencies. 

The interrupter of Caldwell is based on similar principles. 
It is described by the inventor as follows: " It consists of a jar 
containing diiutcd siiljihiiric aciil, within which is a cup of insu- 
lating material perforated by a small hole. Lead electrodes are 
placed in the outer jar and in the insulating cup. 

"When llie primary current of an induction coil is passed 
through this apparatus there is comparatively little heating of the 
liquid except in the aperture c<mnccting the two chambers, where 
the current density is very large on account of the small area of 
the aperture. At this point, therefore, sufficient heat is developed 
to vaporize the liquid rapidly, and bublilcs of steam which form 
break the <onnection letween the liquid in the inner jar and that 
in the outer jar. As soon as the current is broken the heating 
stops and the two portions of the liquid come together again, com- 
pleting the circuit. The frefiucncy of the interruptions will de- 
pend upon the sirenglh of llie curretil, the si/c of the aperture, 
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the resistance of the ekttrolyte, and to some extent upon the induc- 
tance of the circuit. [An arrangement for varying tlie frequency 
of interruption by adjusting the size of the aperture was described 
by Caldwell in the New York Electrical Review, May 11, 1899.] 
In this arrangement the aperture is at the bottom of the inner 
cup. It is partly closed by a pointed rod of non-cnnducting ma- 
terial which protrudes through it. By raising or lowering the 
protruding point the cross-section of the annular aperture be- 
tween it and the cup may be varied, and thus the frequency of 
interruptions adjusted through a wide range. Swinton devised 
a screw adjustment for the regulating of this interrupter. 

" This apparatus is not so susceptible to changes in tlic strength 
of the exciting current, or to changes in the temperature of the 
liquid, as the Wehnelt. It will therefore remain in opi'ralion some- 
what longer, and admits of a wider range of adjustment of the 
exciting current. The action of this interrupter is quite inde- 
pendent of the direction of the current through it, therefore when 
employed for operating induction coils on the alternating cur- 
rent circuit the current will Ix; broken at each alternation, and 
the secondary discharges will alternate in direction. Such dis- 
charges are not suitable for operating single-focus tubes, and the 
interrupter is therefore not adapted so well for alternating cur- 
rents as the Wehnelt interrupter. With the alternating current it 
is posKible to use douhle-focns tubes, but these are usually unsat- 
isfactory except for therapeutic purposes." 

In order to avoid overheating, the interrupter may be provided 
with a water-cooling jacket. Running water from a local supply 
system may be passed through it. If only moderately use*!, and if 
the jars are made sutRciently large, this precaution can !» dis- 
pensed with. As alluded to above, no condenser is required with 
Ihc U'chnelt interrupter. 

There are other interrupters, hut the advantages of the clwtro- 
lytic principle are so apparent that the others are very little usctl. 
Most of them wear rapidly as soon as currents of high voltage are 
used. This drawback, which is especially found in interrupters 
which break the circuit by metallic contact, is somewhat overcome 
hy the mercury jet interrupters, whose circuit is broken by n jel 
of mercury. As a rule the mercury is covered with ii layer of alco- 
hol or petroleum in order to prevent sparking when the rod 
emerges from the mercury. 
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The mcrcvry interrupier of Kolit is workpd by a battery, the 
epeed being controlled by a rheostat. The regulation takes place 
by a lever by means of whish the mercury vessel is lowered or 
raised. 

The reliability of these interrupters, however, is still ques- 
tionable. A poor interrupter jeopards the whole induction coil, 
which in view of its high price is no small matter. There are re- 
ports from clinics, in which the simple Wagner interrupter at- 
tached to an old induction coil required an amperage of 22 in 
order to produce an effective light. Such apparatus is soon 
burned out. If the direct current is not available, so that a bat- 
tery must be used, a contact breaker must be adjusted, which, by 
quickly making and breaking the current passing through the pri- 
mary coil, controls the periodicity of the vibration. 

Before the Wclinclt interrupter came into general use the air- 
bral-e ifbrel was c.vten.-iively used in cmnection with the din^ct cur- 
rent. This attachment [termits of great rapidity of change in the 
electric circuit, thus intensifying the electromotive force in the 
secondary coil. It consists of two toothed wheels, the projections 
of which are brought into close contact with two flat brushes, 
which lead the current in and out, while the dentated wheels are 
rotated at a high speed by a srunll motor. This niolor runs a press- 
ure blower at the same time, the air-blast from which is dircct^-d 
to a two-forked tube, through whiidi it is led out again by two flat 
nozzles placed directly above the brushes. There the spark is 
blown out by the air-blast as soon as it forms (Kig. 1'.;). 

For coils of small size simple vibrating interrupters are still 
employed, which operate like the vibrating hammer of the electric 
bell. 

Bheoatat {Fig. 74).— The amperage is reiluced by an adjust- 
able rheostat, which permits of perfect control over t!ic current pass- 
ing through the coil. Instruments of this kind arc made in various 
forms, their principle consisting In winding tliin wirvs in many 
coil.s aniuud an ebonite cvlindiT. A movalde key is constructed in 
such a manner that it can be made to press on any part of the wire. 
If this travelling key is passi'd along the bobbin, the current goes 
through as much ot the resistance wire as may be desired. The 
greater the length of the wire, the greater the resi.stnnce will be. 
In order to reverse the current a double poIe-5ii-i(c/( is attached 
to the coil. This opens and closes the circuit (si'e Figs. S and 'Jl, 
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To prevent a ]>owcrful ciira-iit (win passing tho coil Uv accident a 
protecting fuse is included in the circuit. This prophylactic 
medium congipts of a small piece of wire which by virtue of its 
low melting-point becomes fused and opens the circuit as soon as 
the current is too powerful. Fuses should always be on hand, 
80 that they can be substituted it one is burned out. 

The Ilbntg:eii Tube.— The Hiiutpcn tube (see Figs. 7, 8, 9, 
and 11)) represents the most imjxirtant instrument In the arma- 
mentarium. It is sometimes jinssible to pet a Rood result from a 
poor outfit, if there is only a good tulx.': hut the iM'nt outfit will be 
useless if a poor tulie is conni-cttnl with it. The principle of con- 
struction at the pn-sent time is virtually liie same in all tul>es. 
They all consist of a plass vessel, usually of an oblong or globular 
shape, from which the air is e.vhausled and into which the ends of 
electrodes arc fused. One of the electrodes ends in a disk of 
globular concave shajie. which is made of aluminum; this elec- 
trode in calleil the lalboilr. The otber ends in a disk of flat shape, 
which is of platinum : tins is called the nitodr. The anode is situ- 
atinl op|>ositc the cathode at an angle of about 45 degrees. Its 
shape may be circular as well as scpuire. Almost all of the modern 
tubes contain a se<ond anode, which Is connected with the main 
anode. 

To attain a suitable vacuum is the main point aimed at. The 
technical dithcullies of obtaining the desired result ari' great, con- 
sidering the fact that the intratubnl pressure must be reduced 
to about two milliontbs of atmospheric pressure. It is only then 
that the remaining gas becomes radiant. This rarefaction of the 
intratubal air is brought to this height by suitable exhaust pumps. 

Tho cathode rays emanate from the aluminum disk. Their 
focussing point is situatiil on the platinum of the anticathodc. If 
this point is situated exteriorly or posteriorly from the platinum 
instead of being reached directly there are no so-called focus rays, 
and the tube is practically useless. 

Another difficulty encountered in the use of the tulies is due 
to their soon becoming inefficient on account of the permanent 
change of pressure that occurs within them. The cathode rays 
striking the platinum disk and the glass walls generate a certain 
amount of heat. The higher the tem]>erature. the more the amount 
of current passing through is increased, and the more the vacuum 
is lowered. Unless the heat is dissipated again at onec the tube 
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ia uDBtable. On the other hand, as soon ae the tube becomes 
colder the vacuum increases. Consequently the current must over- 
come a greater resistance, a le^cr amount of it passes through, and 

therefore a I(;ssor amount of rays is gcncrate<l. 

In view of this variation of pressure, tubes have been con- 
structed that permit lowering and raising of the vacuum within 
them at will. Siemens found that flic fluorescing air forms dense 
bodies with the vapours of phosphorus, hydrate of potassium, 
iodine, and other similar sulistiinccs. thcrcliy ilimlnisliing the press- 
sure within the tube. On the otlier hand, if the walls of the tulie 
are warmed, the stratum of air that condenses on the glass surface 
is driven away, thereby intensifying the pressure. In utilizing 
this principle, tubes with adjustable vacuum have been constructed 
which arc provided 
with an adjuster, 
shortening tlie space 
lielwecn the spark 

The self-regulating 
lube of Queen & Co. 

iiEQENEKATiov. (Philadelphia) is con- 

structed after these 
principles, the small auxiliary tube containing hydrate of potas- 
sium, which by being heated gives off vapour, and absorbs it again 
when cooling. In the automatic tulic of Miiller (llamliurg) a 
plate of selcnitc is snbstituled for the phosphorus or hydrate of 
potassium, bwjiusc tiiis mineral. does not re-absorb the gas after 
it is given off. 

The principle of osmosis, first apjilied in France, and intro- 
duced into practice by (iunddach. utilizes the diffusion of hydro- 
gen for regulation (I'lg. T). Into the cylindrifol wall of the (iun- 
ddach tube a small palladium wire is fused, the end of which pro- 
trudes outside to the extent of 2 inches. If this protruding piece 
of palladium is heated by an alcohol lamp tlie hydrogen of the 
flame diffuses into the interior of the lulw, thus augmenting the 
intratubal vacuum. The heating process must be kept up for two 
seconds. With very few exceptions the skingraphic illustrations of 
this book were made with Ibis tube. 

The Miiller, Kny, Voltohni. Hirschniann, and Levy tulxts are 
constructed after similar principles, and are also useful. All their 
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self- regulating tubes are good as long as they are comparatively 
new. After being used for a while the usefulness of all the various 
ty|H's becomes impaired. The fact must not be lot*t sight of that 
the vacuum of the tubes is increased during their use, which 
necessitates a proportional increase of the intensity of the current. 
Therefore, even for inductors furnishing a very long spark, tubes 
with a tow vacuum should be chosen, as the latter increases so 
much during use that at last the full power of the apiiaratus is 
required for producing an eRicient light. Finally, however, the 
fluorescence of the tube ceases, even if the high current is em- 
ployed. Then the vacuum can be reduced by heating the tube 
with an alcohol lamp, while a weak current is used, until the fluor- 
escence becomes distinct again. If this fails, the tube should be 
surrounde<l' evenly and tightly by gauze compresses slightly mois- 
tened with water. 

At last, of course, all these procedures will prove to be with- 
out avail. Slime tubes regain their efiiciency simply by being left 
untouched for a few vi'eeks, but finally they all become useless for 
diagnostic purposes. Then the resistance of the tube becomes so 
gri-at that, while the interior hardly shows any fluorescence, most 
of the sparks go around the external surface. The presence of 
purple or red light points to a leak, which naturally renders the 
tuhc inefficient. Leaky tubes may he repaired by sealing the defect. 

If currents of very high intensity are used the platinum disk 
of almost all tubes becomes white hot after a short time, often 
after a few seconds, and if it is kept glowing a little longer the 
platinum melts. To obviate this most embarrassing occurrence, 
tubes have recently been constructed in such a manner that the 
metallic parts were made very thick and resistant. Such tubes 
permit of a current of maximum intensily for about one minute; 
then the very marked outlines of the picture l)ecome less distinct; 
the tube filling with blue light at the same time, which indicates 
that it is overheated. In order to permit of longer exposures 
Gundelach has recently added a regulating tube (ventile tube) 
(Fig. H) consisting of a small evacuated glass ball, wliich is pro- 
vided with anode and cathode only. By prefixing this vnlve-Iiko 
arrangement to the tube, the formation of disturbing alternating 
currents inside of the tulte is prevented. So the current can pass 
the ful)e in one direction only, thus producing a brighter and 
steadier light {Fig. 0). 
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The bc?t talx's are llmsc wliicb. wlicii now. show n red-hot 
focus at ihe [ilatiinini disk wliile ji low eiirreiit is emiilnyed. Xew 
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Fill B— Reui^latimi Tl'i 



lulx?a Ihat sliiiw liu'>reBeeni'e mily wlien u hiph current is used 
should be rejected, II is one of the iiiiiin chiiract eristics of a Rood 
tube that it stands intense ptuwiiig of the plalinum disk without 
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being impaired after a few iieconda; in otiier words, that it stands 
currents of high Intensity. A good tube must also furnish a uni- 
form light. 

The variety of tubes now manufactured in various parts of the 
world is very great. It seems to the writt'r that, while the best coils 
are made in thin ciiniitry, Germany still funiislies the best tubes. 
It must also he considered that it r(t|uiri'n a vast amount of cxiu'- 
rience and re|)ealed ox])crimenliition to seloet tubes suitable for 
the ]>Hrti(.'ular api^iratus employed. Sintie uiaehincs. as alluded 
to before, require tultes with a special vacuum, while tubes pre- 
pared for a battery r=et ;;enenilly do not ;:ivc satisfaction with an 
air-brake wheel apparatus or a Wehuelt interrupter, which pur- 




FiG. IV.— GnriiM&CD-KNi TrsE 



niits the Hw of Ihe hitrlicst vai-uum oIitniiial)lf at |jri.'>e!it. Tulws 
must lie can-fully studied, indivi.liiaiizrd. sn lo speak, just as 
different patients are lo W- ju.l^-ed ditferenlly. aithouuli sufforing 
from the same disease. 

In order to pn-vent overheating, (ininniacli advised tul)es jiro- 
vided with a cimilation of a strcaiTi of ■■nld water. Thus Ihe glow- 
ing nu'tal is cooled off. and the vacuum cannot l>c lowered by the 
heat radiating from the anticatlio<lc. A gooii tulie of (his kind is 
constructed by Kny (Fig. lit). 

Waller constructed tul)es of large size which jwruitt of chang- 
ing a pint of water into va|M)ur. These tulies exd'l liy their 
strongly marketl fm^ussing point. The vacuum <if a tube of this 
kind shows more stability than any other. The largest consists 
of a platiDUm cap which is sealed in the end of a glass tube. Thia 
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projects within tlie bulb, while outeide of it it is enlarged into a 
small bottle for containing the cooling fluid. This adjustment 
pLTinits of the fluid coming in contact with the target. TiiIjcs of 
this kind give f]»lendid results, and it is deplorable that the tech- 
nical difficulties connected with their construction make their pric-e 
extremely high. 

Tubes must be preserved in a closet in which there is a uni- 
form medium temperature. They should rest on padded shelves. 
IHist, which in the course of time alwiiys l)ecomes adherent to the 
tube while in use. is to be wiped off by passing the dry palm of the 
hand gently over it. 

The Vacnnm of the Rdntgren Tube. — As alluded to before, if 
the intratubal pressure is reduced to its utmost, if, in other words, 
the degree of evacuation is very high, we spciik of a high vacuum. 
As a rule fuch tulws are called hard. It is assumed that the paths 
followed by atoms rejH'llcd from the cathode are free from ob- 
struction, so that they can strike their jKiints of destination with 
great rapidity, thus producing small wave lengths which penetrate 
matter freely. This accounts for the great power of penetration. 
If the intratubal pressure is redmed to a lesser degree, so that a 
comparatively large amount of air reiiuiins inside of the tube, we 
speak of a low vacuum. Tubes showing a low vacuum are called 
soft. Since ii greater number of ainms radiate in all diri'ctiims, 
the point* of destination are touched with less velofity. Thus the 
production of short wave luugilis is ]ircvciitu<l and the free pass- 
ing obstructed. Conseijueiitly dense iibjeds are not ]K'netrated 
by the rays of tulies of this tyi>e, and the objects are never able to 
absorb their rays. 

So we learn thai the intensily of the rays increilse.'i in propor- 
tion to the height of the vucuum. If very high vacua are used, 
even the bones of the hand may become so transliicem that they can 
barilly be distingui^hcd on the idate, while too low a vacuum does 
not generate any IMnlgcn niys at all, the ciirrenl passing the tube 
by forming cathode rays. Thus it will bi- understood why, for 
the representation of the bones of the hand, a tube with a low 
vacuum (so-called soft tube) is to Ije chosen, while if the rays 
must penuente a verv thick body, such, for instance, as the pelvis of 
a fat jierson, it is the high vacuum lube (hard tulxO that would 
Ix! capable of throwing so much light through it as to show a well- 
defined shadow on the plate. From these facts we appreciate that, 
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according to the thickness and pernit-ability of the object to be 
I'kiagni plied, tubes of low, medium, high, und very high vacuum 
must be at hand. 

The degree of the tubal vacuum is unstable. At first a tube 
becomes softer when in use, l)ecause the particles of air which 
adhere to the tubal wall are detached from it by the warming influ- 
ence of the current. After the tube is cooled off, it becomes harder 
again, because the particles of jdatinum dissipated from the glow- 
ing anticathode, while cooling, find particles of air in the interior 
of the tube. The longer the tnbe is in use the more air is bound 
by this process, so that the amount of the intratubal air finally 
becomes too smnll to permit the passing of a current. Tubes of 
this kind are characterized by the dark-brown deposits in the in- 
tratubal walls, which were produced by the dissipated piirticles of 
the platinum. The degree of a vacuum is in proportion to the 
length of the spark. The higher the degree of evacuation there- 
fore is the larger the length of the spark, and consequently the 
harder the tube must he. The lower the evacuation, the shorter 
the spark length and the softer the tube. 
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Hetliods of HeasTiriiig: the De^ee of the Vacuum. — In ordi-r 
to cfitiniate the intensity of the ruyi- and the amount of their pene- 
tration variouji kinds of skianielers were advised. The principle 
of Ihci-e instriinicnls r-oiisists in the insertion of nn ohstaelc to 
the rays. This is acconipli.-ihed by attaching small wmares of tin- 
foil, of various thit-kiiesses, to a liuorescinj.' Hcrecii. The difference 
of thickness is indicated hy little iijriires made of teml, which 
appear more or less distinct aeeordiiig to ilie thickness of their 
corresponding tinfoil. The aiitlior had found it uwfnl to vwi- 
struct a skiameter consistiiip of 50 staniol disks. To each di.-ik a 
number, made of wire, is attrtched, which indicates the number of 
the staniol lamella'. Xo. 1. for instance, contains one lamella 
only; while Xo. ."lO contains ."lO. That nnndx>r wjiicb just )}ermits 
the recognition of the sliaihiw t}( its wire i-iphcr indicates the 
degree of the intensity cif the tnln'. Most ojierators, however, 
prefer to test tlic vacniiin of the tuhc hy simply holding their 
own hand Ix'Tore the fluorescing screen. In fact, the hand is a 
most reliable indicator, since if contains many different types of 
bones, from the massive carp:il end of the radius to the delicate 
third i>halan.x of the littK' finger, Tlut sucli tests lead to patholog- 
ical changes of the integument, which may become permanent, 
and may even lead to the loss of the extremity. The detailed 
description of tlic^e changes, as well as of Ihe means of protec- 
tion, is found in Chapter .Will on the Theraiieutic Kffects of the 
Itontgen Rays, 

Recently Walter lias constructed a skiniiieler, the metallic plates 
of which are made thicker in proportion lo geometric in.slead of 
arithmetic progression. For the linfoil phitinum is substituted. 
Then but a small inirnher of lamella' is re(|uired. which renders 
num!)ering .superfluous. AValter uses eight a|iorlures. The fluores- 
cent screen place<l before the disk shows one lamella only when a 
24 
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very soft tube is oiii]iloyi'd, while all lainell* are recognised if a 
very hard tube is selected. 

The photometric scale "f Benoist also iieriiiits a minute pre- 
cision of the degree of Ihe vacuuiii, but needs further modification 
to l>ceomo useful in practice. Its principle is bised upon the tnins- 
jMirency of the metals with an utomie weight of 100 to 150, sil- 




ver, for instance, varying in a lesser degree llnin tlie I'thcr ele- 
ments in regard lo the nidiations of tulH's of differrnt vacua. 

An experienced operator is often ahle to estimate the degree 
of the vacuum hy simple inspcition. ilie colmir i)f the light, and 
its division, the mode of induction, the character of the noise of 
the ii|i)iaratn!' in combination with minor signs Iwing the indica- 
tions of r|uaiity. 

Still, as the wrinkled and shrivelled Hfmtgcn hands of physi- 
cians (coni|Nire Fig. "^l.")) show, who employ the nu'lhod fre- 
i[uenlly. the danger of continuous exposnre is great. As ciiipha- 
sixc<l in SiK'tion III on l!i>ntgen-l'ay Therapy, even apparatus 
like the ingenious cliromoradiometer of ITnlzkni'cIit. or the radio- 
ehniinometer ot Benoit, or the ampoule op;nii>-ngtilntcur of Vil- 
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lard, in tlii'ir pnwiit shaiie, prove*! to have only a liniittil ficli 
of uBefulnees, 

As Maid aliovf. men of great i-xperionce are able to oetiinale 1»> 
:he peneral n|>|K'tiranif uf ilic IJtriit. But this in certainly not reii- 

F[ll, 1^— I'oNTIlOLUNIi THE VaiIU V TIT THE OSTEOSCOl'E DfRlNO EsPO=t!KE. 

alilf. With the Walter combination the degree of the vacuum can 
approximately lie estimateil hy Ihe arrangement, but this is compli 
eflted and not favoured by the average practitioner. 

Instead of suerificiug Ihe living extremity of physician oi 
patient, the author has suggested to utilize the skeleton. Hitt osleo 
scope will, in fact, he found to answer all practiciil purposes.' The 
lx»nes of the forearm and hand are fastened to a sheet of paste- 
board or similar translucent material, by being inserted in thi 
frame of a fluorescent screen it can lie moved to and fro, so tha 
tiie phalanges, the carpus, or elbow can Ik' studied. To make the 
ii|iparatu(i more eompact. besides the hand only, the epiphysea 
ends of the forearm may Ik- utilised. When the hiatus between 
the eminentia capitata and the radial head is distinctly ehown 
sufficient contrast ean be I'Xpet'ted on the plate (Fig. 11). 
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If (I (Tih^ shows {he bones of l.tie osteoBCope 1i>;ht pray iind trans- 
lucent, it is of exoeseive liarrtness, the contrasts are insignificant 
then, and it is practically iisolesB for Riintgen examination. Tubes 
i>f Ihis kind take ti skiagraph uf a hand in one second, and of a 
pelvis in ten, but there is no contrast, the image being blurred and 
foggy. Under extraordinary circumstances they may be used for 
the representation of metallic foreign bodies, when the osseous 
flnii'tures do not need consideration. Fig. Ki, for instance, illua- 
trates the indistinct skiagraph of a lateral dislocation of the 
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elbow-joint. Tulies of this kind bIiow Ijlllo fluorescence, and if 
('.«-<'Ssivcly hard, no rays are produced at nil. The aniuunl of 
fluorescence can be estimated from the depth of shading which 
is given to the lower part of the Hontgen lube. There is a large 
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amount of eecondary rays and of ozone. The spnrk often jumps 
around the tube, 

A tube of inedhini hardnopR is the tiilK! /wr excellence. It 
phowa the bones of the wrift, eppecially the lower radial epiphysis, 




Pm. 15.— Fbxctike of I^iwf.h Kxn np K 



griiyiKh-blaok. hut the contriists are marked and the Htnit-hiros 
well oiitline<I. Such tiilx's are ('s|H'<-ially lit fnr tlie rcprc-cntatinn 
of tliieic hones, and of renal eoiRTcllons. Tlie fluorewenec finds 
its expn-ssion in the d(V|K'r shading of the jiMn: There is exterior 
diwharpe to a leswr dej;ree than in the foriTier variety. Tlierofore 
a tube of this detrrt* of vaiuum eannot l)e louehed without rei-eiv- 
inji a fhnck. Tiie pieturc from sm-b a tuW: whieh shows the l)ony 
stnieture, is illustrated by l"ig. 14. 
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A soft liibo shows tlie outlines of the plinlangee and the meta- 
farpUK bliK'k iind the soft tissue dark. There is bright lluoresfcnre 
and marked contrast on the wrreon. But the denser portions of the 
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bmies are not penetrated. Therefore tiiben of this kind produce 
excellent skiagraphs of the bones of the hiuid imd f.ireiinn, hut are 
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not powerful enough to repre^nt Btructnral details. A ekiagraph 
taken with a soft tul>e is illustrated by Fig. 15, Kxc-cssively soft 
tubes produce violet light and show tlie carpus as black as ink, 
no contrast being recognisable at all. Tubes of this kind can be 
touched without receiving a shock. 

The various degrees were also illustrated by the author in his 
publication on Tenontitis and Tenontothccitis. New York Med- 
ical Journal, April '27, lilOl. 

How to interpret the different vacua is also illustrated practi- 
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cally by the simple case of a man of twenly-four years who waii 

shot eleven years before the skiagraphs \n. l(i. 17, and IX were 

taken. Fig, Ifi shows a very faint indication of the presence 

>f the bullet in the os magnum, while the j^nuill fnignicnts in the 

arpus are recognisable, a low-vacuum tube having been chosen. 

'he hand restetl on the palm. Tin- Inillel Ix'ing near Ihe ihirsiil 

trfaoc and the small fragmenls near the palm, il is appreciated 

ly the latter are rcciigniseil in spite of the low vacuum. Fig. 11, 

« lukcn with a low-va-iintn tnU- in the lateral position, was ex- 



32 THK HOXTGEX RAYS 

pdi-iHl ten sti'iiiids liiiifiiT. ll f^lioMc the bullet ;i little more dis- 
tiiielly. Tlie frngiiieiHs iire also visible. Fifr. IS wns .ilso (;ikeii in 
tile liileral [lositinn. IjiH tliis time a IuIh' of nu^liuni hunlness whs 
used. This acfounls tor the distinet representation of the hullel in 
the OS mafinuin, from wliii'h it wiis exlracteil after l)einR moliilijied 
hy the ehisi'l. The Innies aii[M-iir hluek in Figs. Ill an.l i;, while 
Fig. IS aiijieai'.-^ f-Tiiy. t!ie bony struetures being indistinct. The 
patient wns not disturbed for eleven years, and the author would 
not have advised extraction if there were not a slight inflannna- 
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tory process iiiduee«l by 
Biderable disturbauec, 

By studying' the three skiagraphs the seat of the bnliet wa- 
made out without measnring. 

The Handling of Tubes in Connection with the Wehnelt In- 
termpter.— It is highly reeommended to have a number iif tiilie 
one's disposal, so that fre.ih tulicii can always be usei). The vnei 
of a tube is affected after being used, therefore it i? desirabh 
have another tul>e on hand in ease a second ex[)nsure is required. 
As alluded to Motc. the success of a Hontgeii cxaminatiim de- 
pends largely upon the projter degree of vacuum and the time ol 
exposure. The character of the current can. as deserilx'd above, 
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approximately be oatiiiiati'd by tlie appearance of the tubal light. 
If a WehneJt iutornipter is cmpioywl, it may be said that but a 
Blight groeiilBh fluoretstenee without a marked division of the 
luminous eone ie notited if there be an undercharge. There may 
alto be frequent irregularity in the interruption. The caupe may 
be twofold, Kither the current eniployetl is too wciik, or the mode 
of Be!f-induction is improper. If the function of the tube appears 
to bo regular, but if the current is too weak, a slight increase of the 
primary current is indicate<i. On the other hand, if there is good 
fluorescence and nonniil division, but the induction is irregular, 
the spark length of the tube being larger than the one produced 
by the self-induction of the inductor, the latter must be reduced. 

If there In- regular but weak function, which does not react on 
a stronger current, self-induction is insufiicient. the wire of the 
Wehnelt interrupter not projecting far enough. This condition m 
remedied by increasing the current and by lengthening the plati- 
num tip. 

If there be an overcfuirge the anticathode soon begins to glow, 
thus lowering the vacuum so much that the tube becomes practi- 
cally useless. If the current is not slopped, the anticathode be- 
comes white hot and a hole is melted through IJic platinum, while 
there is flickering light, ring fonnation. and crepitation ; once in 
a while there are rays of great i)ower of [wnctration, but as a rule 
no rays arc generated at all. In such an event th<' primary cur- 
R'ut was too stnuig or the platinum ti]i iirnjec'teil too far. so that 
the spark ln-came Uw thick. 

DiaphTafms.^Tlie fad that the currents are not unidirec- 
tional, sometimes even the whole of the tul)c k-coming a source 
of the Kiintgen rays, ha.'; given an impetus to the construction of 
lead diaphragms, which do not permit a larger amount of light to 
|>iiss than the n-prodnction of the area to Ik' traversed retpiin's. 
Thus the injurious secondjiry rays are ke]>t off. the effective cone 
of light only Ix'ing projcMed on the plate. 

Thick jwrtions of the Ik.cIv rcflc't the rays diffusely. S.>. fi.r 
instance, in making an cxpoMire of the pelvis of a fat individual 
each musc'ular portion irradiates the whole plate individually, sm 
that the cnntra>t is considerably ditninished. The fact tliat soft 
tulws are least apt to diffuse the rays would naturally suggest 
their exclusive use. Rut their small power T»f ))cnctration makes 
them unfit for representing thick layers. 
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The introduction of the methodical use of the diaphragm niarku 
a great advance in the Kontgen technique. It ie only posBible by 
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these means that the structural details of thicker portions of the 
body can be well reproduced. Especially in diafrnostic differentia- 
tion the value of the diaphragm method is immense. Errors, ah 




they are illui'tratcd in the chapter on the medico-legal aspects of 
the Riintgen rays, are simply impossible. Bone-fissures cannot 
escape detection. 
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The original diaplimgm con- 
sisted simply of a shwt of lend 
into wliich a liole was cut. Fig. 
ID, for instance, shows a dia- 
pliragiii of a diameter of 'i inch- 
es, whieh is traversed by tho rays 
emanating from a tube placed 
al(ove. Besides the rays from 
the target {<ia), those emanat- 
ing from the tubal wall {hb) 
pass the hole in the diaphragm. 
Thus a eerlain amount of diffu- 
sion is stilt produced. To obvi- 
ate this, tubular diaphragms 
were cotistriieted which permit 
the passing of the foeal rays '■ 
only, those emanating from the 
tubal wall being excluded. Fig. '- 
211 shows the principle of the ^'^ ^~ 
tubular diajibragm. which is 
pass<.-d by the focal rays [an), while the rays emanating from the 
tubal wall {hb) are n-fliitcd. 

The use of the simple form of a lead diaphragm is illustrated 
by Fig. 31. 

Albers-Schocnberg deserves great credit for having constructed 
a compression diaphragm (Fig. 22). which not only prevents dilTu- 
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Bion, liut also porniita iriinuihilizatiuu of the an.'a to Ix' irriid latwl 
by corapreeBion, a dwiHod advantage nf the latter also consisting 
in the ]K>fi8ibilit.y of bringing the area nearer to the photographic 
plate. The compression also has the great advantage that ail ex- 
[Kigures are taken at the same distance of thf tuhe from the surface 
of the body. Thus an exact standardization is guaranteed, and the 




|H.'rB[jective always remains the same. The elaborate metallic eom- 
pre«i ion-diaphragm illustrated by Figs. 'iS and 24 is movable in 
any direction. Its diameter is proportional to the size of the skia- 
graph to be made. TuIk's provided with various diamet«'rs are 
therefore recommend able. In gimerai, however, a diameter of 1 
inches is desirable. Even in fat perBons structura! tletails can be 
obtainetl witli this apparatus. 
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No perfect Rontgen outfit can be without a compression dia- 
phragm nowadays, the only drawback being that the splendid appa- 
ratus of Albers-Schonberg is extraordinarily high priced. The 
author has therefore devised a simple movable tube (Figs. 25, 26, 
27, and 28), which is portable and can be fastened to any table, 
and practically answers the same purpose. It prevents diffusion 
and permits of immolnlization and compression. Its cheap price 
places it within the reach of every physician.^ (The upper margin 
of the tube of the diaphragm must be wider than it appears on the 
illustrations.) The tube can be made in three diameters of various 
size. 



* Tlie apparatus is made by Friedrich Droll of Heidelberg. 
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FLUOBOSCVI'y 

The Field of FlcoToicopy (Biintgroscopy), — In tlio introtliK-- 
tion, page 1, it is ticBCTibod tliat tho rays in falling ui>oii a strwn 
vhieli is covcnnl with fluorescing salts, siieJi an tuiigstato of cal- 
duni or platinot-yanido of liarium, cause IliioRwcnce on it. The 
human hand, for instaneo, if placed ln'tHwii tin- tulic anil a strccn 
evenly covort'il witJi one of the (iuort^sting salts, shows the eoiiilition 
of its Ixines. Even tlie soft tissues eun h<.' dintiiigiii filed to some 
extent. There are many other salts tliioreseing under the Hontgen 
rays, but up to the present day the platiuocyunide of barium, as 
it was first used by Itonfgen, has proved to he the best fluoR-scing 
material. It gives a yellowish-green and Iirilliant fluon'seenee. 

The use of the fluorescing screen is facilitated by attaching it 
to a suitable framework formed like thnt of a stereoscope, the 
body of which is of a tapering form. The large end of such an in- 
strument, generally eidled ffiiorosropc contains a piew of card- 
board on tho inner surface of which the fluorescent salt is distrib- 
uted, while the small end of the np|wiriitus has two ajXTlures 
formed in such a manner hj! to fit over llie eyes of (he "[jerator. 
The pasfebiMird is liable to confaniinution and injury if siiftpuntl' 
ing or wovniled arrii.i must Ih' examined. In such cases it is advis- 
able to cover it with a non-al)i«>rl)ent material which permits of 
sterilization, such as very thin sheet celluloid, for instance. If 
used during a surgical operation, the hood should also be covered 
with a material which can be sterilized. Hard rubl>er may Ix' used 
for this purpo,=e. For examining the largest parts of the body 
the screen should have a dimension of about 12 to 18 inches. 

For examination with the screen a room must Ix" chosen which 
can he darkened at will. If there is colour sensitiveness for green, 
the operator will find the tungstate fluor0Bco[)e more satisfactory 
than that of the barium. 
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A rough sketch niuy be obtained from the screen by simply 
tracing {Fig. "J!')- 

Tile advantages of the ncreen are obvious. In the first place, 
there is no necoweity for u previous exposure, and the development 
of a photographie plate, as in skiagraphy. Secondly, the irradiated 
area can be examined while it is in action. Thus the motions of 
the joints, the larynx, the hy- 
oid bone, furlhermore the pul- 
sation of the heart, the lungs, 
the diaphragm, etc., can be 
thoroughly studied. Kspe- 
cially the continuous motions 
of heart and lungs are an im- 
pediment for distinct skia- 
graphy, while they are a direct 
aid in diagnosis if watched by 
the screen. The excursions of 
the diaphragm during inspira- 
tion and expiration can be 
noted and measured. 

A fluoroscopic cxaminalion 
should also precede the skia- 
graphic exposure as a kind of 
preliminary survey. Tliis is 
especially important in fract- 
ures and dislocations, since it 
calls attention to the sent of 
the injury. It furtlicruiorc 
determines the l)est pn^ition 
of the limb for proper fixa- 
tion during skiagraphic expo- 
sure, so, fur instance, thai 
angle of flexion ^r cvterisiun ii 
Ik' brought out best ou the plate 

This shows llie greiiter importance of fluo 
in internal nicdieiuc, while in surgical prnc 
limited U'cnusr nf ilie produclion of the numerous fluorescing 
impressions, which, by succeeding eaili other with great rapidity, 
are apt to deceive the hunum eye wherever the features of the lesion 
are not distinctlv marked. Fixation of the condition t'l Ik- exam- 
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ich the injured portion can 



^copic examination 

i> its usefulness is 
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hied oil a photograpliic plate (skiagraphy) is tln-Tcfore to be pre- 
ferred ati a rule. 

In thin areas of the body, however, like the hand, projectiles 
or needle- fragments arc so well shown by the screen that a skia- 
graph K a more luxury as a rule. Fluoroscopy also permits the 
examination of an extremity while it is turned in various dircc- 
tiona. The superficial localization of foreign bodies is facilitated, 
as it is ascertained whether it is situated in front or behind a 
bone, etc. 

But in making a thorough examination of the thigh, the shoul- 
der, and the large cavities of the body (or foreign bodies, fluoros- 
copy should not be relied ujwn. KractuR's arc rccogniticd by tlic 
screen only if there is displacement. But if the fragments re- 
iiiaine<l in ap]iosition the fragment line is indi^-tinct. If it must 
simply be ascertained through ii | >! as ter-of- Paris dressing whether 
the fragments are in exact apposition after reduction, fluorosi-opic 
examination is sufficient as a rule, since it is not necessary to see 
the fracture line then. The salient point is simply to verify 
whether the liones were reduced in the proper direction. (Com- 
pare ('hapter XV on Fractures.) 

In some forms of dislocation the screen gives ample informa- 
tion. Dislocation of the shoiilder-joini, for instance, may be recog- 
nisc<l at once on the serecn, while the R'sult of the palpatory exam- 
ination was rendered uncertain liy the |iresenee of a large bloody 
effusion. On the other hand, the dislocation of a small bone, like 
the radical head, in so complicated a joint as that of the elbow is, 
may be overlooked or misinterpreted on rtuorosco]iie examina- 
tion. In dislm-ation of the hip fluoroscopy must also not be 
trusted. The same can he said of the detwtion of conirretioiis and 
of the diseases of the teeth and the bones as they are described in 
Chapter VJ and Xlll. 

As a rule, hard lubes should not be emi)loyed for screen work 
on account of their great penetrating [lower, which permits but 
little contrast. Soft tubes give the best fluoroseo|»ic differentia- 
tion. Especially in studying the thoracic organs this kind of 
tubes should he chosen. If thicker portions of the body must be 
exaniineil. tubes of medium hardness are required. The mobility 
of the tube is a condition sine ifua non in iiiioroseopic examina- 
tion. The tulk'-hohlcr must lie so arranged that the tuU' can be 
turned in all directions. The nnthor's diaphragm, as described 
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OD papc 39, is also oxtromely useful for detailed obBorvatioii 
in fluoroscopy. An advantage of fluoroscopy not to be underesti- 




mated is its chpa|)iie,<P. A disjulvantajie of the iscn-en for patient 
and physician is tlic necessity of long exposure, which may once 
in a wliilc result in dermatitis. 
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Orthodiagraphy. — The fact that the siiK' of all skiagraphs is 
larger than that of the objects tliey represent, leil to the construc- 
tion of orthodiagraphic apparatus, Uy the aid of which the exact size 
of a body is determined. Levy-Dorn, Moritz. Hirochmanii, and 
others have constnicti'd useful apparatus of this kind. The ortho- 
diagraph nia<ic Ity Hirschniann jHTniits dintt tracing by tlic aid of 
a movable screen (c-ompare Fig. ;J(>). The measuring-stand devised 
by Hoffmann (Fig. 31) has also come into favour. Its main prin- 
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ciple consists in the construction of registering wire scri.'ens which 
can be moved in various directions. Api>aratiis of this kind, how- 
over, permit only of measuring the shadow of the foreign body, 
while its natural size must l>c guessed at. 

Donath's modification, which allows the movement of the tube 
above a millimetre scale, the tube being placed |M>rpendicuIarly at a 
measured distance, gives very nearly the o.xaet size of a foreign 
body. 



CHAPTER IV 
SKTAGRM-IIY 

Skiagraphy {Rontgt^Taphy).' — As previously stated, skiag- 
raphj' JH basEKi on tlic photojiraphic ofFects wliidi are protluced by 
the Hontgeii rays. Its main advantajit's are the possibility of per- 
manently retaininj; iind roeordiiig llie shadow thrown on tlio twn- 
sitizod plate. In fait, striK-tunil dftailii tan Ik? shown exaetly on 
the photograpliic platL', and it is the skiagraph only which permits 
the thorough study of the various features of a lesion. Its com- 
parison with tlie normal skeleton will make the aim ormali ties evi- 
dent at once, aud will help tlie physician to a thorough judgment of 
the ease. In addition, the value of a skiagraph for future infor- 
mation — espi'einlly in case of complicated fracture for forensic 
purposes — should not Ir' undcrc.-jtlmated. Tiierefore whenever 
exactnes!. of result is desired, fiN.ition on a photographic plate is to 
be preferre<!. The pliolograjdiic tecbnitjue can easily he learned. 

It is well known that if silver is combined with bromine or 
chlorine, bromide or chloride of silver is formed. This combina- 
tion has the pro]ierty of U'iiig sensitive to light, and the chem- 
ical decompositions taking |>lace while it is exposed to the light 
cause a cliiingc of colour. Kor |irii[HT utilization in photography 
the salts of silver are luixcd with hard white gelatin. On a sur- 
face consisting of either glass or paper or c-eilnloid this composi- 
tion is spread, thus constituting what is called a sensitive plate 
or pajier or filiTi. The image nvi-ived by tlie sensitive plate or 
film is invisible, and must Iw treated by a peculiar chemical proc- 
ess, called •Irn-loi'iHPnl, In order to bring it out. The developing 
process of a skiiigrapbic plate is practically the same as that of 
an ordinary photographic ]ilate exposed to sunlight. There Is no 
doubt that the anatomical kuowlwlge of a physician makes him 
more fit to develop the important ]>arts of a plate properly. If is 

'Till' iiiillicir iiliji'i'ts to llu' iTuii'h-fHvnurfil i>s[iri's.siiiu ■■niiii<i(;r"|'l'y," 
which. u.-i iimiiy utlii-r nindi-ri) liTiiis fimatriH'luil hy viukiil w(ini-c-oini«i«'r8. 
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a great advantage bcsitU's if the plijeician is able tit develop tlie 
plateK liiineolf, sim-e he learnK the renult at once, wliilo the wnding 
of a plate to a photographer involves a great lorn* of time. A busy 
physician should, however, have the eerviteB of a well-trained a«- 
sititant, who does the tedious work of developing under his super- 
vipion. If within reach, a learned pliotographcr should be engaged 
for that pur()osp, Minee a phvsician seldom learns to master all the 
minute details of the delieute art of photography. 

The plaifx are the most important nxjuin'ments for |thoto- 
graphic work. For skiagraphie piirposi* s])eeial plates are gener- 
ally used. Some manufaeturers furnish s]XH'ially prepared plates 
which are separately wrapped and seale<I in lihiek and in yellow 
envelo[)eB. But while it is very eonvenlent to have the "individ- 
ually wrapped plates" ready for immediate use, it must be remem- 
bered that the wrap|K'rs affeit the sensitized surfaeo, and conse- 
quently injure their keeping qualities. Tliey are therefore not to 
bn reeommendtHl. .Mi these plates are extremely sensitive and 
slightly ra<iioactive. They must therefore be well guardtti against 
injury by too stnmg a light while developing, or by tracer of dif- 
fused light entering the dark rooui or the envelo])e. lens, or eanu'ra. 
As the object to be skiagraphcd must rest on the film side, it is 
im]K>rtant to ascertain Iteforo the exposure which is the film side. 
In holding the lilm against the red lanteni light its dull appear- 
ance iK'Conies evident, while the plain glass side shines. But even 
this kind of light should not be trusted too much; ennsi-cjuenfly 
the test had better Ih> made by the touch. .\ |)raetised finger will 
ascertain at once which is the sensitive side. In ease of doubt, 
however, the moistened finger may carefully touch the corner of 
the plate, which, if covered by the film, will feel sticky. It should 
also not be forgotten tliat perspiration of the hand Umvos marks 
and spots on the plate. 

The developing of the plate must be done in a dark room, if 
possible of ample size. Moisture as well as lieat spoil the phite. 
It must not be situated too near the room in which the Hiintgen-ray 
apparatus is plaee<i. U'caosc the rays may ]H'netrate the door and 
even the walls, thereby influencing the jilates in their Itoxes. 
There must be an abundant supply of water, A sink about 't inches 
deep and ,t feet square, consisting of wood and lined with zinc, 
should be placed in front of 2 or 3 faucets. A grating, on which 
the developing trays are set up, must be above, and a ta))lc which 
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Berves for chemical manipulation anil thi- mixing of develoiwrs, 
etc., near hy. Shelves for storinj? the bottles, which contain these, 
are placed above this table. 

The dark-room lantern also deserves thorough attention. Uuhv 
light is recommended as the best " dark-room light." As alluded to 
above, it is used while the plates are taken from their ijo.xcs and 
put into II photographic envelope or into a plate holder, or during 
the proecwB of developing. Aw it is deseribed in Chapter XVIII, on 
the Cheniienl Actions of the Hiintgcn Itays, n'd and yellow colours 
affect tbc sonsitivcmw of the plate very nmc-h less than green, 
blue, or violet. This huk of sensitiveness to red light is utilized 
in the process of handling and studying a sensitized plate. But 
while Ix'iiig the least actinic light — that is, while alTwling it the 
least — even red light product's slight changes after a long exposure. 
It is advisable therefore 1o study tbc plates at a distance from the 
ruby light, as then' is, in fact, no light which is alwolufely safe. 
As the source of light, electricity is far preferable. But gas and 
kcrowne may also be used. 

By developing file plate — tliat is, by producing Ihe latent image 
with the aid of a chemical solution, called dcvelojK'r — the silver 
salts, which had l)een inllueni-ed by the rays during exposure, are 
reduced. The areas not affected by the light will not be affected 
by the developer, while Ihose acted upon by the light show more 
or less oiMcity in proportion to Ihe degree of influence. Thus the 
brightest areas appear the darkest, therefore the image is called a 
"negative." 

Among the variims iln-i-lu/irrs rti-ommcndL-d may be men- 
tioned hydrochinone, hydrochinone-eikonogen, and metal-hvdro- 
powder. The latter seems fit especially for short exposunrs. Some 
firms produce these chemicals in tablet form, which is rather com- 
modious fur a novice. 

Very large plates should be iinniersc*! in water Iwfore tbe de- 
veloper is used. The strength of the deveio|>er, which is mixed 
with cold water, should Ije moderate. During tbe hot weather the 
develo[>cr must be more diluted and cold, while it may he stronger 
and warmer {Tii° F.) during the cold season. Too warm and too 
strongly alkaline developers cause stains and fog on the plate. 

.\fter the mixture is properly prepnreii it is poured into a 
hard-ruhl)er (ray and the plate Is placed in It with the film side up. 
The developer must at once cover tbe plate all <)vor. If the plate is 
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rocket! tlicii from side to side for about tlin'i! iiiinutot* Ihc image 
appears. The rocking can bo done automatically by using a motor. 
Gocht has constructed an ingenious apparatus in connection with 
an accumulator which answers the purjwsc well. 

Then the plate remains in the sohition for another two min- 
utee until it appears dark and the image has nearly entirely dis- 
appeared. Sometimes it may last as lonp as twenty minutes until 
B sufficient amount of density is roache<l. If there is a lack of 
clearness, a few droi>s of a Id-per-cent solution of bromide of 
potassium should Ik- added. Thus we set; that ihe procc-ss of devel- 
oping often requires eonsidernhle loss of time. It may therefore 
well be undertaken by an intelligent servant. The plate should not 
be studied too frequently during development, and must not, as 
demanded above, be brought nearer to Ihe ruby light than a dis- 
tance of one foot. In studying it, its film side must Ik; turned 
towards the lantern. 

If there should have been oi-ert-riioxure. Ihe plate must be 
thoroughly washed, and may then 1k' liiiishe<l with a bmino-hydro- 
chinone develoi)er. But if midrrHmvil — the details not being dis- 
tinct — a fresh developer must Ix- used. Then the plate is immerstnl 
in a tray containing water to which some sulphite and carbonate 
of sodium have iKH^n addwl, and is left in tliis soluti'm until the 
details come out more clearly. The «anu> proeiilure may be 
repeated if the image docs not ap]X'ar to Ix; satisfactory. 

If the condition of the development harmonizes with that of the 
exposure no correcting steps are neccssan-, and the plate is simply 
taken out of the tray. It is inserted in a tray which coiitaius 
fresh water, or it may l)e held under the fniicet. a gcntli- stream of 
water being permitted to wash off the develo|ier. It is this second 
hard-rubber tray whieh contains a solution of hyposulphite of 
Bodiutn. After the plate has remained in this sohition for about 
fonr minutes its light colour will change into black, Xow the 
image is regarded as fi.\ed, and the plate may be exposed to light 
without Iwing injured. 

The process is completed by washing the plate in running water 
for thirty minutes, and then setting it upon a stand. 

The details of instruction regarding the properties of various 
developers are best studied in the guiding prescriptions given with 
the developers by each firm. Recently .Mhers-SchimlHrg nvotn- 
mended the so-called " stand developing " with glycon as the best 
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method for gkiagraphic work. The plate is immersod in the glvMn 
developer for fifteen to sixty minutes, being inspected every ten 
minutes, until it appears satisfactory. Then it is well washed 
and kept in the fixation tray for fifteen minutes. ■ 

Foggy negatives may sometimes bo caused hy a decomposed 
developer, or by one containing too much carbonate of sodium or 
potassium without bromide. Weak negatives with distinct details 
in the shadows are produced either by overexposure or by too 
weak a developer. 

OrrrexpoMure is at onci' recognised by the quick and simultane- 
ous api)earance of the imago over the whole plate, and its lack of 
contrast. It disappears just as rapidly, leaving a dark veil. The 
sensitiveness of the photographic plate being affected too long, too 
much detail is produced in the shadows, and consequently the dif- 
ference between the highly lightwi and sliaded areas is small, ^\'cak 
negatives with clear shadows indicate underdevelopment. Too 
strong negatives with distinct shadows indicate underexposure. 

Vnderexposvre is recognised by the slow and diflicult appear- 
ance of the image. The latter is transparent and shows only 
general outlines- The highly lighted areas come out first. There 
is too much contnist in fact. The sensitiveness of the photo- 
graphic plate was not affected long enough to be impressed, there- 
fore blank an«s arc left whicii should have shown structural de- 
tails. .\fter a normal exposure the various areas appear in the 
order of their individual transparency. 

If the plate is insufficiently developed it may Ijo strengthened 
by a so-called intensiff/ing solution. The plate may !«? immersed 
in a solution tray containing the following: Water. 20 ounces; 
bichloride of mercury, ammonium chloride. J ounce each. The 
trav is rocked until the image is thoroughly white, .\fter being 
removed from the solution the plate is washed for thirty minutes, 
and then bathed in ammonium chloride (90 ounces of water con- 
taining 1 ounce of the ammonium chloride). Then it is washed 
over again, and finally immersed in a solution of ammonia (1 
drachm of ammonia wafer to R ounces of fresh water) till the whit- 
ish appearance has changed into dark. .Another washing for five 
minutes may finish the process, which is often overdone, the skia- 
graph then iM-coming transparent. In such an event the density 
may be reduced again by placing the plate in a reducing solution, 
after it is soaked in water for about half an hour, A useful sola- 
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tion of tliiK kind consipts of 10 ounces of fresh water containing 
100 grains of ainnionin-ptrsulpbate. 

The proi«;r tints of the light and dark shades are obtained by 
producing a poi^ilive print. Sonic of the finer details of the plate 
are lost in tliis procoKS. The positive can be made on glass, cellu- 
loid, or paper eoateil with an oniuli<ion of albumin, collodion, 
or gelatiu in which silver chloride is iiieorporatetl. If put on 
paper, it is customary to simply call the positive a print. PajMtr 
of this kind, called printing paper, is placed in a printing frame 
with its face oil the photographic jilate and is presR-d towards 
it by a spring clamp in the back of the frame. Tlie glass in 
the frame must then be reaehetl by the sun at a right angle. 
The time required for printing depends uiHin the time of the day 
and the year, and the density of the image. If exposed to bright 
sunlight the printing nuiy not last longer than five minutes. It 
must be continued until there is a tone which is slightly darker 
than the one exiMH'ted for the final print. The fi.xing of the print 
is done virtually in the same manner as that of the plate. The 
proper fonnulas are always j^old with the paper. After iK'ing 
taken out from the fixing Itath the print is washed and fixed. 
Finally it Is washeil in running water for alKtnt an hour. In a 
gootl skingraphie print the dense areas are shown in a dark tone. 

Stereofluoroscopy and Stereosldatrraphy. — A skiagraph being a 
map-like reproduction of tissues naturally does not show any 
depth or perspe<:tive. So it neither gives any information on 
the dimensions in the depth nor on the relations of the individual 
bones to each other. Stereofluoroscopy was introduced by Klihu 
Thomson by switching the secondary discharge of the induc- 
tion coil from one Kiintgen tulie I" another by a revolving switch 
arrangement. 

The distance between the tnlicB and their relation to the 
screen must be so arranged that no distortion of the shadows oc- 
curs. By means of this mechanism the space relations can be esti- 
mated so (hat foreign iMidies can he located. The reduction of 
bone splinters may also lie controlU^l in this mtnincr. Weigel and 
Johnson constrncted excellent modifications of the Wheatstone 
stereoscope. Weigel's instrument iH'rmits of varying the intensity 
of the light as the distance of the lamp is shifted from the negative. 

With the methodical introduction of stercoscopy info Riint- 
gcn practice by Ilildebrand and Kucmmell new information was 
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obtained. The principle of ordinary Btercoscopic photo^nphy con- 
fiists, like in storeofluoropcopy, in a Bjstem by whioh *wo expoauros 
of the panic object can be made in two different positions. If the 
views obtained from these positions are combined by a reflecting 
or refracting apparatus, the parts stand out in their natural rela- 
tionship. 

In order to lie able to take two skiagraphs of the same area, 
the arrangement of the plates must be such that they can be 




changed without altering it. The plate must then be marked for 
registration. The niiiihix oiirraniH consists in placing tlic patient 
upon n table or couch to the sides of which two uprights and a 
cros(i-pie<e arc fastened. The latter is provided with a clip wliieh 
holds the tulx' sn tlial it can sliilc along it in either direction. 
Over a sfpiarc franii' placed in the opening which is cut through 
the centre of the examining table a sheet of vellum is stretched. 
The distance of the tube from the area to be examined should 
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amount to about 15 inches, while that nf the two ponitions of the 
anode should be 3. Across the vellum and parallel to Iho gradu- 
uted cross-bar two thin wires are also strained and graduated. The 

=■10, sa.— Phictche of Fbhorji. Di*rnT»>i8. nHOwren ANnrL*it Defokuitt 
(AntekiuU ViKw), (Compitte Pig. Hi.) 

~entre "f the skiagraphic plate must be vertioa! underneath th6 
elluni, After the skiapniph is made, the plate, without altering 
he position of the patient, is inserted and the clip run back till it 

makes a halt at the other sliding piece. The same tube is used and 
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the same length of exposure j^iven. Hildelirand (Fig, 'i'i) voii- 
etructed a stereoscope which permits skiagraphing on one plate. 
One-halt of the glass phite is covered wilh a thin plalo of lead, 
which does not permit penetration by the rays. After the exposure 
is completed the photo- 
graphic plate in shifted 
forward, and its exposed 
area is eoven'd with tlic 
lead plate. Then the 
non-expowd an'a is ir- 
radiattnl. B.v nildiiig a 
sliding tnechaiiisin Al- 
bers Schiinberg has 
modifiwi his conipn s- 
sion diaphrngiii in such 
a manner tliat it can 
be utilized for stereo- 
scopic skiagniplu'. 

Routine, hiiwi'ver, 
often enables the sur- 
geon to locate a bullet, 
as in (he ease- illus- 
tnite<l by Fig. 1(1. or 
bone fragments, jis in 
the eases illustrated bv 
Figs. :y.i and :n. Thev 
show tlu' overlai.i.iiig of 
the fragmenls «\' tbe fc- 



the injurv. 'i'hv hut „,o»iN<i 

that the end nf the up- fAi. Vik«). CConii.«re Fig. *!.) 

per fragiucnl Hppears 

less traiishhrnl than ibe lower indicates tliat tlie bitter was niiir 

the ])lat«— tiiHl. ill otber words, it was situated af the outiT side 

of the llLigli. .\s tn detiiils nf hi.st.irv. stv t'hai-tcr .WI. Fig. Sry 

repres,.uts a .nunteriiarl. 

In both LTL-^taiiies b! Iless re-fraelnre was suecessfnik done. 

Foreign Bodies. — While it is wisv. as a rule, to nn-ognise for- 
eign bodies bv llic screen iis well as hy skiagraphic exposure, the 
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dett-rmiiiiition of tlii;ir ixxiition in smiK' times very (Hfticult. Fitr 
locating the position of foreign bofiies more than a hundred meth- 
ods are advised. Most of them are ingenious but somewhat com- 
plicated for praclieal use. They are all bused upon similar prin- 
ciples. The wire letters used by the author for registration may 
serve as landmarks in a simple manner by being attached by 
means nf adhesive pla^^ter In flie refrfoD of ihc body to be irnidiated, 
after it lias first U'eii marked with the skJagraphie [K'liuil. Wire 
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Ictttrs may also be placed on the plate just iu'luw a wound or a 
sear, indicating the entrance of a foreign body. If there is a 
wound sinus, a probe may lie introduced as far as it is possible. 
Thus the estent of abacess cavities may he ascertained (Fig. S5). 
Fig. 36 illustrates the arm of a man of twenty-eight years 
who was shot three years tiefore the skiagraph was taken, and who 
since had suffered from the symptoms of pressure on the median 
nerve. Two exposures were made, one on the flexor area, another 
on the extensor side. In proportion to an angle of 90 degrees 
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four metallic kttors wow nttLi<lic(l at w|iiiil intervnlu to tlip Biirfauu 
of the ami by adhesive plaster, .1 ilUinlratiiig the anterior, P the 
posterior, / the interior, and K the exterior as(X'ft, an shown by 
the skiagraph. The ])oint of reiopnisable attaehniont was made at 
the integument bofort^ l>y marking them with nitrate of silver. 
The comparison of the various diameters revealed the location of 
the bullet, which was 
extracted under local 
antDHthcaia. The bul- 
let, on account of hav- 
ing struck the hone, 
had assumed a flat- 
tened shape. 

For foreign bodies 
which can he seen 
best in one direction 
only, as, for instance, 
needles buried in the 
foot or in the hand, 
Shenton ({Iiiy's Hos- 
pital, London) sug- 
gested the following 
metliod : 

"The surface of the 
palm of Ihe hand, for 
example, is held in di- 
rect contact with the 
screen, sei'ing that the 
screen and anode in 
the tube arc as nearly 
parallel as possible. 
When the needle and 
bones arc ween dis- 
tinctly, sway the screen and hand from side to side and note the 
change in relation of hones and needle, Tt i:^ evident that the 
image of whichever is farthest from you an.l from Ihe surface of 
the screen will move the fa-ifer. If the needle move;; across the 
hone, its position i:- dcejicr than the bone: if Ihe hone moves across 
the needle, the letter's position must Iw between the surface and 
the bone. 
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"Should the iieetlU^ appear litatioiian', plaet' a poiiittT against 
the image on the screen and ascertain whether it moved a little or 
not at all. \'crify those results by reversing the hand and repeat- 
ing the iiiaucL'iivR'ii. A little practite enables one to give as near 
an estimate of the needle's real depth an any surgeon could re<iuire, 
and such suggestions as * just beneath the nkin of the palm,' 
"lower and between Ixines," 'upper end i of au iucb between 
the akin of the imck of the hand ' are in my exiK-Tience suffieient 
for any oiMTator. 

" The nivdleV (le]itli being awi-ertained. it only remains to find 
ita position in the horizontai phiues — a task whieb re|»res<^nts few 
difficulties. When found, this position should be marked upon the 
skin. The advantaged of this method are its rapidity of porforin- 
anee, the process taking hiil a few seconds, and the economy of the 
material both photographic and eUitrieal. 

*" For lo<'alization in other ]>jirts of the body and for plioto- 
graphieally rwording results I have constnicteti an instrument 
which in prineijiie is the same as the method just descrilntd. save 
that the tube is swayed while the part viewed is held in position by 
hands and tension springs. The tulw is mov<il liy the observer 
from his side of the scnvn, the distance it travels Ix-ing regulated 
by sliding steps. A fine vertical wire is stretched in the centre 
of, and in contact with, the screen. The inuige of the foreign Iwdy 
is to cornvpond with this line from the extreme right to the 
extreme left ; the image of the foreign body on the scnt'ii is seen to 
(lass from left to right. Its relative rale of tnuclliug compariKi 
with the sanu' portion of bone is noted as before. 

"For accurate measurements the true jvisition assumed liy the 
foreign Ixxly is nuirked by a jiencil on a ceiluli>id film in contact 
with the screen. This ua'asuremcnt being secured, the distance 
the tube travels, and the distance from the midpoint i>f the line ad- 
joining the two extreme positions of the tulie, must Ik' a.-^cer- 
tained. A simple rule of three will now give the distance of the 
object sought from the screen. " 

For locating foreign Wlies in the skull, the wire letters rtn- 
ommended above may also be uwd by being fastened to a wire 
head-band wound around the temples. Tlieu the intervals Ih-- 
tween the individual tetters must Im" measured. The same pro- 
cedure can bo carried out on the extremities by winding the wires 
around the limb and also fi.xiug them at the plate. This principle 
may also be utilized on other regions of the body. 



SKIAGRAPHY 



57 



It must furthermore be remembered that the size of the foreign 
bodies varies with their distance from the tulje. In the case of 
oWong bodies great errors as to the exact size may be made if a 
second exposure in a different projection plane is omitted. Early 
in the Rontgen era the author was not a little surprised in the case 
of a seamstress in whose palm a nwdle fragment had entered in a 
lH'r})endicular direction. The plate, while indicating the presence 
of the needle distinctly, created the impression that the fragment 
was only 2 millimetres long. When extracted, its length was found 
to be more than an inch. The rays had reached the hand in a per- 
pendicular direction, so that the circumference of the fragment 
was reproduced rather than the length. A side view, of course, 
would have cleared up the error at once. In fractures exposures 
in different ])rojecti(>n planes are almost a necessity. 



CHAITEU V 
EXAMjyATJO.V OF THE PATIENT 

The Technique of £zamiiiatioD.^F(>r fluoroscopic as well as 
for skiagrnphic exiuiiiiiution the area to \» studied must be freed 
from clothing. It it- (rue that a good tiil)c perinils irradiating, 
even through an OYercojit, but small details l»come loxt. So the 
Bhadow of a button or n buckle may just cover u region of s]wcial 
importance. Dressings are, of courw, best removed if utruc-tural 
details are eimply wanfeil. but if the position of the fragments in 
fractures is to be ascertained, they must not l)e removed during 
examination. It is desirable therefore to choose such drwsing 
material which is translucent, like gauae. For fractures the plaster 
of Paris is the best immobilizing agent, because it permits of a suf- 
fieiont amount of penetration as to allow recognition of the rela- 
tions of the fragments. It does not impair Ihe Judgment on ac- 
count of its regularity, while wooden splints may veil important 
areas. Adhesive plaster, iodoform, and rubber drains cast dense 
shadows. 

Fluoroscopy may be done while the patient stands Iwfore the 
examiner, who is seated in a chair. The head is flnorosco]>ed best 
while the patient is seated in a chair. In fluoroscopy of the lower 
extremities the patient may be seated in a chair jtlaced on a table, 
80 that the soles of his feet rest on the latter. As a rule, tubes of 
mciliiim hardness are most useful in flnoroscopy. 

In order to study any region of the body with leisure, and to 
observe its structural details, a skiagraphic exposure is necessary. 
In most instances the patient is skingraphed best in the recumbent 
position. This may he done on one of the tables which are pro- 
vided with a box for receiving the photographic [date (Fig. 37). 
The patient may also be placed on the carpeted floor. This sim- 
ple arrangement offers the advantage of a wide operating field 
around the patient. The extremities can be placed in any position 
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dceircd, and blocks, sand-bagu, large bookR, etc., may be used to 
Burround and immobilize the area to be Bkiagraphed. In the case 
of nervous children there is no fear of their falling from the 
table. 

The tube-holder is placed beat Iwlween the Kuhmkorff coil and 
the patient. The wires connecting the secondary terminals of the 
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Kulinikcu-ir coil vith llie liiU- may lie loo.M;iy hookfd in the ler- 

Tluw imi!-t k' kc]it ^c|xirate in order lo avoid shocks. Their 
calibre shoiilil Ix' very small, but they niuft be surrounded bv a 
thick layer of iTiMLlatiiig material. 

The aiiticiitlmilc sliimbl lie coiinecteil with the anode, and the 
anode with the jmsitive electrode of the Rnhiiikorff apparatus, 
while the ciitlmdc is to be connected with the negative cWtrnde 
of the apparatus. The tulK'-holdcr must permit the ftibe to be 
diovhI in any position desired, A false direction of the current is 
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indicated by the appearance of a marked shadow originating from 
the anticathode and the formation of blue light. 

The diitaticc of the tube is also a matter of great importance. 
Various distances prodiii-c various relations. The smaller the 
distance is between the liil)e and the plate, the larger the silhouette 
of the irradiated part a]»|»ears. On the other hand, the smaller the 
silhouette is, tl)o more i-orreet tiie |inJ|>ortinni! of the tissues appear. 

I'nder ordinary clrcunistancos the tulje should be as near the 
object to be skiapniphed as possible (fi inches), in order to make 
the e.xposiire sliort. The effect f)f irriidiati<iii is re<iu<'e(l in jtropor- 
tion to the sipiiire of the distaiu-c lietwoen ]>lalc and target. As an 
averagi; it niav he assumed thiit an c<|nnlly good skiagraph of the 
human hand is made when the distance is <i inches, the exposure 
lasting half a minute, as when the distance amounts jo 12 inches, 
the e.\p()sure lasting a whole minute. It is not ]iossiblc to s<.'t down 
any definite ratio, because the duration of the exposure is dciwnd- 
ent upon the coil as well as upon the kind of the tube, the thick- 
ness of the irradiated areas, the distunci' of the tulH.-, and the nature 
of the plate. 

If a good tulx' is used in cnnneclion with a Wehnelt inter- 
rupter, it may Im" e.xpt'cted that twenty si'couds' exposure siilTices for 
the reproduction of an adult's hand. The forearm requires a 
little less than a minute, and the elbow, the arm, and the foot one 
to one and a half minutes. The leg, the kiu'c, and (lie thorax take 
about two, the skull two to three, and the pelvis alxuil three to 
four minnles. 

Foiition of Patient. — The position during irradiation is of ini 
portance. The nearer the area to Ix' irnidiated is to the tube, the 
clearer and more promptly a|>|)cars the inuige. The fact must not 
be lost eight of, however, thai the nearer the tul>e is, the greater is 
the danger of burning the patient; but this, as will be seen later, 
ncd he considered in repented e.\]H>surcs only. 

The position of the special part to Itp skiagraphed is also of 
great importance. It is dilTicult to lay down any definite rules for 
this, since each case denuinds a special pprs|>eiiive. In general, 
however, the following dirp<tions may be adhered to: 

The skull is examined either in the recumlx-nt position or while 
the patient is seated on ii chair. An nnlero-posterior as well as a 
lateral view are generally necessary. (Fig. 3ft,) 

The neck is best shown in the lateral direction. 
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The foroiirni if- best scon in supination, although this position 
is by no ineanp the most comfortable for the patient. In injuries 
or ankylosis of the elbows special supporting devices must be 
sought. The olecranon and the external condyle «.Tve as land- 
marks. The arm and the thigh can be taken in any position. 
The humero-nlnar joint is best irradiated from the flexor to the 
extensor side. The hand is usually traversed from the dorsum to 
the palm. 

The foot, fnmi the toes up to the upper third of the meta- 
tarsus, is best skiagrjiplicd in the direction of the dorsum towards 
the sole. This is done wliiie the jiatient is seatctl in a cluiir, tlie 
sole of Itis foot restini; on (he plate. Farther back the first and 
third cuneiform hones and the scaplioid present an obstacle, so that 
it is advisable to irradiate lliesc portions of the foot transversely 
by having its outer surface resting on (he plate. By this proce- 
dure the isolated shadows of the astragalus, the ealcaneuni, the 
cuboid, the scaphoid, and the fourth and fifth metatarsal bones can 
be represented. (Fig. 24.) 

The knee-joint is rcprodiicod best by resting the external con- 
dyle on the plate. Tlie leg sJiould 1k' skiagraphed while its exter- 
nal surface is placed on the skiagraphie plate, the knee being flexed 
and the thigh rolaU'd niitwnrd. The lower margin of the patella 
serves as a landmark. The hip-joint is preferably taken by turn- 
ing the patient from his recumbent position inwardly, so that the 
anterior a\is of the thigh forms an angle of from :i() to +0 degrees 
with the undi'rlying plale. The opposite hip is elevated and sup- 
ported accordingly. 

The area to be skiagraplietl mnsi I>e brought as near the plate 
as possible. F,.\posures for s|Nvial purposes require special appli- 
ances. In skiagraphing gall-stones, for instance, ])illows must be 
placed under llie clavicles. Thus an elevation is produced permit- 
ting the protrusion nf the pall-blndder, which is then brought 
nearer to the plale. The approximation is increased by turning the 
body slightly to the right and raising and snpporting the left side 
accordingly. (Fig, 71.) 

As the patient has to assume Ihc abdominal position, a land- 
mark indicating the position of the gall-bladder must be made 
either with nitrate of silver or with a special skiagraphie pencil on 
his back in order to secure the proper focus. In this way it will 
be possible lo direct the rays vertically on the marked area. 
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Another point of importance is that the rays should traverse 
the aMomon in a slightly lateral direction, so that the dense tissue 
of the liver is not jwrmeated in its whole diameter. The focus 
line may, in other words, form an angle of about 70 degrees with 
the dorsum. Thus some of the rays reach the calculi before they are 
absorbed by the compact liver tissue. The disadvantage of oblique 
irradiation is that biliary calculi appear somewhat larger than 
their natural size. When a protrusion, palpable in the region of 
the gall-bladder, indicates an enlarged gall-bladder, direct irradia- 
tion should be attempted, the shadow of the liver not obscuring 
it then. In such cases, however, the diagnosis of cholelithiasis can 
as a rule be made without ekiagrnphic examination. 

Ah to other special arrangements, see Chapters Vlll and IX on 
the Thorax, the Abdomen, and the Spinal Column, 

Absolute rest is the condition .litie qua non for a successful 
e.xposure. Involuntary movement.* like those cause<l by the res- 
piration cannot be avoided. Sometimes respiration may be sus- 
pended for half a minute, so that with ti short e.xposure a skia- 
graph is obtaine<l. Nervous; twitchings are combated iK-st if the 
patient rests as comfortably as possible. The trunk must be sup- 
ported by heavy pillows and the extremities by sand-bags. The 
best immobilization, however, is obtaine<l by compressing the irra- 
diat4-d area by the diaphragm. Intelligent niolliers generally suc- 
ceed in lulling their babies to sleep. By manipulating the appara- 
tus with a low current first, and then increasing it gradually, its 
iiionotonous noise sometimes acts as a lullaby, .\dhesive-plaster 
strips or gauze bandages are also useful for immobilization. Straps 
i»»y exceptionally be used. Ana'sthesia for the purpose of kwping 
(Hktients quiet should be resortwl to only under the most pressing 
in«i>>ssity. 

Seuity of Objeoti. — The degree of density is, of course, a de- 
teruiiRing factor for the distinctness of the skiagraph. It is well 
kiH^wn that the higher the atomic weight of any element is, the 
iiu«r»' energetic the Dl>sorption of the nivr' will lie. The atomic 
Weight i>f those elements with which we have mainly to deal in 
using the Hilntgi'n method is as follows: Hydrogen, 1 ; carbon, 12; 
«itn>j;en. 14; oxygen, 16; fluorine, 19; sodium, S3; magnesium, 
iM; pliOMiihorus. 31; sulphur, 31; chlorine, 3.5.5; potassium, 30; 
■.■ttU-iuin, 10; iron. Hfi. 

Thv intirganie substances of the body, such as salts of lime in 
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the bones, absorb more light than the surrounding soft tissues; 
consequently they are but slightly permeable by the rays. The 
more lime salts the bone contains, therefore, the less permeability 
exists, and the more distinct the shadow will be on the photo- 
graphic plate. Thus compact bone tissue shows a very much more 
distinct image than do the medullary or spongy parts. The spe- 
cial structures of the different bones can Ix? recognised so well, in 
fact, that the finest details of the structure of osseous tissue can be 
represented. This offers a splendid opportunity for studying the 
transformation of bone tissue, which was formerly a sealed book. 

The organic tissues of the human body show permeability of a 
medium degree. The decree of translucency of the muscular layer 
of the heart or of a hand or foot corres])onds with that of a liver 
or kidney of the same thickness. The tissues of the nerves and 
blood-vessels are somewhat less permeable. This similarity of the 
degree of transparency explains why in skiagraphs of soft parts 
no special variety of tissue, such as muscles, tendons, ligaments, 
nerves, or vessels is individually marked. With very soft tubes, 
and by carefully developing the skiagraphic plates, however, hya- 
line cartilage can be distinctly, and tendons and ligaments faintly 
differentiated. The greater distinctness of some portions is there- 
fore not due to the character of the individual tissue, but to the 
greater thickness of the irradiated mass. 

Since cartilage is permeated by the rays, as a rule, normal 
joints show enlarged. The epiphyseal lines appear well marked. 
In children the line of ossification is translucent, and this has 
often given rise to faNe interpretation, especially to an incor- 
rect diagnosis of fracture. The infantile vertebrae appear widely 
separated from each other, thus giving the erroneous impression 
that there is a pathological hiatus. 

It is evident therefore that the nature of the chemical composi- 
tion of the organic tissues must be well known in order to appre- 
ciate the changes brought on by the various stages of development 
as well as by pathological changes. As to details reference is made 
to Chapters XIII and XIV. 
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CHAPTEK V! 
TIfE HEAD 



Head. — The examination of the head offtTs great technioal diffi- 
cnlties which are not only produced bythe peculiar anatomic condi- 
tions, but also by t!ie fact that the motions of respiration and nt the 
heart are communicated to it, thus interfering with absolute quiet. 

Intracranial representation is especially difficult on account 
of the diffusion of the rays. With the screen the head enu be 
examined while the patient is seated on a chair. Skiagraphy 
may be done in the t^anie position, but it is preferable to have 
the patient on a table. The facial portion of the skull can be 
clearly outlined, but the larger portion of the cranium is dark- 
ened by the shadow of the brain, as well as by that of the opposite 
cranial wall. To study the relations properly a sagittal and a 
frontal exposure must be made. If the left side of the head rests 
on the plate, the irradiation taking place from the right, the soft 
tissues and the galea aponeurotica arc recognised as a light shadow. 
The soft tissues of the nose, lips, and chin ap]»car conspicuously. 

Of the bony parts, the external occipital p rot u lie ranee, also the 
orbital, nasal, and sphenoid cavities are easily rei-ogniscd. In the 
centre of the temporal bone the light shadow of the external audi- 
tory canal is seen. Below the latter the small cavities of the mas- 
toid process may be perceived: the zygoma is also quite distinct. 
The nasal bones and the superior maxilla showing the quadrangu- 
lar shadow of the antrum of Highmore, can especially well l»e rep- 
resented. (Fig. 28.) 

The nasal process, the hard palate, the alveolar process, and 
its cells and teeth, the inferior maxilla, showing its mental fora- 
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men, the protuberance, the external oblique line, the angle with ita 
two processes, can be well demonstrated. With these osseous struc- 
tures the shadow of the tongue and the velum palati contrast well. 




The motions of the velum jMilati and of the tonpie can he easily 
studied by Uk- fluoroscojie. Schiieier has fonsidcnibly increased 
our knowledge on the physiology of the phonation by his fluoro- 
Ecopic studies in this connection. 
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By placing the patient's face on the plate, and the tube behind 
it, the margins of the orbit, the frontal and nasal cavities, and the 
nasal hones seem well outlined. 

Tumours of the facial bones arc rcpresentabie, while intra- 
cranial growths show under extraordinary circumstances only. If 
containing calcareous matter they appear marked, of course. 

In a girl of two years (Fig. 278) the connection of glioma 
with the orbital wall as well as the proliferation into the optic 
foramen could lie provccl by skiagraphy. Thus the ti^hnical diffi- 
culties of the operation were 
illustrated beforehand, which 
is important in a cawe tlio 
|»rognosis of which is so ex- 
tremely grave. As to oHier 
cases of osteosarcoma of face, 
see Chapter XIV on Xco- 
pin™,. 

Pecnliaiities in Infaats. — 
In the infantile skull the di'- 
tails can be represented much 
better (Fig. ;W). Even the 
interior of the ear (cochlea 
and semicircular canals) can 
l)e shown. 

Fig. 143 also shows the in- 
ternal structures of the skull 
distinctly. It is the skia- 
gmphic reprotluction of the case of rudimentary ear, illustrated 
by Fig. 142, The qiuction whether tiierc was an auditory canal 
was settled by the skiagraph in the afKi'niative, 

Fig. 39 represents a boy of iive week'< who shows a spherical, 
non-pulsating tumour, of the size of an orange, projecting from 
the naso-frontal region, and sinking downward to llie alap nasi. 
At birth the tumour was a trifle smaller. The walls of the 
growth were thin, and the inlegumenl appeared nnnual. Con- 
tractions of tile tumour were oliserved, es]>ccially while the child 
was crying. During sleep the tumour seemed somewhat smaller. 
There was exquisite flucluation, and the contents could W pressed 
almost entirely into the skull, which did not cause any reaction.- 
Pulsation of the brain could not be detected, nor could the bor- 
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der of the craiiini oponiiig be felt distinctly. In view of these 
fads, Of'peciiilly of llio innl)ility to piil|>}ite « Bolid nmos with cer- 
tainty, a mpniiigocele wns suggested. 

The Rontgcn rays, however, modified the diagnosis. The skia- 




gniph. V\i'. m. >\i>n\>;\ li,-hiiiil \\w light ^liadc. rcprt-si'nling tlic 
fluid, a dark ciiii\ wliiili had to he inlorpreled as a solid mass, con- 
fined to Ihe area of the large triangular bony opening. That this 
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was cerebral subBtant-e was verified by tho subsequent operation. 
The Bkiagraph showed that the nasal bone was shifted downward, 
so that an interspace of the width of a itmn's thumb was left 
between it and the frontal bone. After a constriction of the base 
of the tumour had been made, for the purpose of ascertaining 
whether cutting off circulation and pressing upon the contents 
would produce any reaction, a prophylactic silk suture was con- 
ducted around the whole circumference of the tumour at its base, 
in order to be able to control any excessive haemorrhage by quickly 
pulling together Ihe suture ends. An elliptic flap was then dis- 
sected from the centre of the tumour and the cavity opened lat- 
erally. After about a tablespoonful of normal ctrcbrn- spinal fluid 
had escaped, further exposure of the sac rcvralcd its lining, which 
consisted of dura mater partially protiiting dcgcncratetl wrcbral 
substance. Near the base, according to the darker shadow of the 
skiagraph, cerebral substance, covered l)y dark-red, velvety, succu- 
lent, and easily bleeding tissue, protruded. After severing the pro- 
truding portion from its lateral conmictions, which were thinly 
spread over the walls, it was possible to reduce it into the cranial 
cavity. Two-tbirds of the pac were now removed, and the remain- 
ing stump was freed from the frontal bone, including the perios- 
teum, until apposition without tension could he obtained. The 
edges were (hen united with thin catgut, and supported by an- 
other row consisting of overlapping soft tissues; finally, the akin 
edges were united with stout iodoform silk. At present, three 
years after the operation, the child appears to be normal in every 
respect. A comparison with the skiagraph (Fig. 41), taken n 
year after operation, shows that the bony canal became consider- 
ably smaller. 

Union having taken place by first intention, the operation was 
performed without administering an anaesthetic. Although the loss 
of blood was scant, the author's method of prophylactic suture 
being used, there was considerable shock, lasting until iin hour 
and a half after the operation. The most predominant symptom 
was the slow respiration and the ansemia. The infant refused 
nursing until two hours afterward. Xo stimulants were admin- 
istered. 

As far as tho author's knowledge goes, a bony diastasis of the 
extent shown by Fig. 3!) was never represented before the lliiiit- 
gen era. 
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Fore){^ Bodiea in the Eyeball. — To locale foreign bodies in the 
eyeball, the cxpoeure is best nia<lc in tlie oblique directioo (Dahl- 
feld and Pohrt succoodcd even in t-kiagrap)iing birdshots of the 
size of 1 to 4 millimetres), so that the foreign body appears 
either in front of or behind the orbital margin. The localization 




of fon'ifin Imdits in tlic i-kull sometimes enc-ounters consid- 
cniblc ditlicullics. 1[ foreign Ijoilies arc- situated in the hones, 
two skiapraplis, at least, are required — one to bo taken anteriorly 
or poslerinrly, and the other laterally. By simply crossing their 
diameters diiij£onalIy the distance from the outer surfaee can 
be determined. The same principles of localization, more or 
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losB modificil, apply to the inlracranial lociilizaliim of foreign 
bodieti. 

For localisation of foreign bodies in the eyeball it is advisable 
to place miniature letters at the inner and outer end of the eyelid 
and one at the orbital margin. 

Extraction of Foreign Bodies from the Skull.— In extracting 
foreign I>odics it has Ikth found (|uitc !icl])ful to mcHsure the di«- 
tance of the foreign body fn>ni tlic nearest Ixinc pmniincncc in Iwitb 
ekiagraphs; also to compare the skiagrajih with the fcatunv of a 
norma! skull. In the cas^^ ilhistratcd \>y Fig. 45 a bullet had en- 
tered the right temporal region, and. I>y [Ntiising the orbit tnuis- 
vorBely, caused traumatic ennplitlialnios (i"jiii'y <>f the sympathetii! 
roots of the ciliary ganglion). The optic nerve was pierced, and 
considerable Im'inorriiage of the cborioid and retina had taken place. 
Neither the eoniniinntion of the orliit nor any injnry within the 
extent of the left antrum Iligbmori. tlirough whicli Ihe bullet had 
taken its course, could I.e -lemonstraled liy the rays, but Ihe hulJct 
itwif was located in the left i>tervgoid process. The distances were 
firift ineasuR'd during the ojicnit ion sinijily with a graded pndie: the 
distance Ifetween the nasal hone and the bullet InMiig taken at the 
frontal skiagraph (Fig. 1:1). which delerniined the direction and 
tbo e.\tent of the skin ineisiiHi, and ilieii tiie same distance being 
taken from the lateral skiagraph ( Kig. V'). which delermimil Ihe 
depth of the incision. Although the imilel was endH-dded in the 
bone anil surrounded by new Ixme-t i.-^sne. it was not dillicnlt to 
dete<t and extract it after the antrum of llighmnce had been ex- 
posed by osteojibislic resection of lis anterior wall. Without the 
aid of the rays it would have l>ecn imi>ossiblc lo trace the bullet. 
In fact, it was remarkable that it had taken .-;.. long and destniclive 
a eourse without causing any other sym]>loms than a dull continu- 
ous pain ail over the skull. The bullet was so eouij.ressed that it 
bad changed its longiludiual forni into a Hal disk, which t>\|.laius 
the iH'culiar shape of ihe bullel in the skiagrajih. 

Fractures of the Facial Bones. — In fnulurcs of the facial 
bones .'kiagraphy is of great value. In one instance it was pos- 
sible hy skiagraphy to illustrate the depression of the outer and 
the protrusion of the inner table in the case of a man of Iwoity- 
five years who had suntained a Iransversi^ fracture of the fnuital 
bone when a child. As Ihe [wtient suffered from epileptiform at- 
tacks after the injury, which was originally taken otdy for a super- 



ficial lesion, osteoplastic resection was performed fifteen years 
later. The position found at the operation verified the correct- 
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Dess of the skiiigruph. Hie attacks have stopped since (the time 
of observation being four years after the operation). 

Fractures of tlie nasal bonem, the alveoiar process, and the 
zygoma can be repreBcnted by the rays. Skiagraphy of the base 




N Bkull (Front View) (t'oaii 



of the skull can be relied on only under very favourrtble tircum- 
Btances. Fracture of the inferior maxilln can also be skiafiraphed. 
After the fragments are wired it is of value to keep them under 
control by frequent Riintgen examinations. They often reveal 
slight displacement, wliicli wouhl have escaped ordinary inspection. 
At an early stage simple pressure by the surgeon's finger permits 
of the re]iosition of a projecting fragment. 

Fig. 44 shows a transverse fracture of the inferior maxilla 
in a lad of nineteen years wired. The fragments being in perfect 
apposition it was self-understood from the beginning that the re- 
sult had to be perfect. The same illustration shows (he hyoid 
bone rather distinctly, 

Fig. 45 illustrates 8 case of fracture of the inferior maxilla in 
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a boy of eight years. The skiagraph proved perfect apposition 
of the fragments, so that simple immobilization by a plaster-of- 
Paris dressing could be resorted to. It may be noted that this 
illustration shows the epiglottis as well as the outlines of larynx 
and upper trachea distinctly. 

Value in Rhinologj. — The Rontgen rays have furnished valu- 
able contributions to our knowledge of rhinology. The frequent 
presence of foreign bodies in the nose gives many opportunities 
for their use. The examination of the frontal sinus is of still 




iNKBRioa H&xiLLA WiKBD. (Alio note bjoid bone ) 



greater importance. The absence of nasal Imues and of the hard 
palate can be well studied (sec Figs. 2!), 145, and 43). In suppu- 
ration of the antrum of Hiphmore the f-kiagraph determines Ihe 
affected bide, which shows a much darker shade than the normal. 
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Growths of the Inferior Maxilla, — The riiilnri- iis wvll .is t!ic 
extent of a growth uf tliL' iiifiTiur maxilla can often bf usiiirluined 
by the rays. In the case of a man of seventy yeiirs, for insfanee, a 
eHri'inoriiii hjul (irigiiiali'i! in tiw suft imlnlf, Uitcr im the' sub- 
muxillurj rfgioTi liefunn' i-wnili'ji, tlu' joiiu liniilly |NirtJfi|mti»g. 



I 
I 





The question now arose wlielhcr the swclUn;; was Ihe expression 
of the expannion over Ihp maxillarv bones, wliich would n'lve the 
case an entirely Uo]K'leeB aspect. But the skiagraph revealed in- 
tegrity of the bones an that an operation wmilii lie adviseil. After 
the oral eavity was thoroughly ili^infeeled, the hard swelling dis- 
api)eared nearly entirely. It had eonsistcd of a number of en- 
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largcd glands, which were infected by the deeonipojiscd ulcerating 
surface of the palate. Thus the clirtical course proved to be in 
harmony with the skiagraph ie representation. 




Fifi. 40. — Pkotuudino 
Filling in Tootil 



A^\LUE TX DENTISTRY 

The great importance of skiagra|)by in dentistry becomes more 
and more evident. It is to be deplored that the dentists do not 
recognise this fact in general. The relation of the dental roots 
and their position, the ])rcsencc or absence of the milk-tectli, as well 
as of the permanent teeth in children, or ol* an olcl root, or foreign 
bodies (fillings, pieces of chisel broken o(f, for ; 

instance, while* excavating a carious tootb), 
the depth of root-filling, the i)roportion of the 
antrum of Iliglimore, and the extent of an 
alveolar abscess can be clearlv demonstrated. 

Fig. -Ki shows a tooth whose filling bad 
caused alveolar i)eriostitis followed by the for- 
mation of a fistula. This resisted surgical 
treatnuMit (removal of mandibular ])()rtion, re- 
peated scra})ing, etc.) for several years. 

The rays discovered tbat in filling the 
molar excavation was ovenlont', so tbat the 
filling material was forced through tlie nxjf into the inferior max- 
illa, thus causing ostitis. Tbis knowledge suggested extraction, 
which cured the fistula ])roniptly. 

The ])resence of molars, which on account of their defornu'd 
position produce a |)ainful teething ])rocess, cnn be recognised. 
Their extraction will n'lieve the suffering which might have been 
mistaken for neunilgia. 

Disturbances during the period of development are extremely 
fr(H|uent. Tbe ^^ue^^ti(>n wbctber tbere is retention only or com- 
])lete absence is easily scttbcl by skiagraphy. Tbe position as well 
as the size and relations of tbe t<»eth can be so well ascertained that 
the dentist will be able to jti<lge whether o])erativ(» interference is 
indicated or not. Figs. IT and IS show malposition of unerupted 
teeth in young girls. In Fig. IT an incisor is situated transversely 
in the su|)erior maxilla. The exact diagnosis, possible by the rays 
only, enabled tbe dentist to jdace it into a pro])er position. In 
Fig. 18 the seat of tbe malposition is in the inferior maxilla. 
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Sometimes it ip of pruat foroiisio iiiijjortjuK-c; t'> clclcniLine the 
age of an infantilf corpse by !-kiaj:ni|»liiiij; tlio twIli. 

As n rule, it will fiiiflico to place Ihe face portion nearest the 
tooth in question on an ordinary Itiintpon plale. If fine details 




are demanded, llexilile films may lie iiilrodiiii'd into thr nral cav- 
ity, where tliey will adajil tli.-iiisclvi-s to the coninurs of tlic iiia.\- 
illa, SjK.'cial metal filni-hohler!! must Ix- used for that purpose. 
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Such holders can be placed on the teeth, the patient being able then 
to close his mouth. 

Cartridges of l^-inch film, generally used for the Brownie 
camera, may be used for short exposures. 

Especially the anterior upper and lower incisors, the upper and 
lower canines, the premolars and the first molars of the superior 
83 well as of the inferior maxilla can be well represented by the 
intraoral method. The upper and lower posterior molars have to 
be skiagraphed from the outside. 

Whenever a longer exposure is required the film is best inclosed 




in unvuU-anized nibbiT, after iK'ing cuviOo|id in tis^suc paper. 
Thus adherence of the rulilxr to tlio film is prevented. 

Tlie film must be pliiced in such ii irmuncr lluit it faces the 
Itiintgcn tulx', tbi> ravs rciicliinfi il in a iKTiiciidicuhir direction. 
In skiagra piling the front Iccth tlic fine is directed upward and 
the chin drawn tnward the sturnuni in or.liT lo obtuin a i'orrcct 
perspfctivc. The distance of the film from the tubid null should 
not be less than (i inches. 

As to differcnliation. it must be borne in mind llmt discuses of 
the ma-xilla' are often mistaken for dental iiffcetituis. (.'arics and 
necrosis, producing sctiuestra, are sometimes Ircaled for simple 
toothache, the clinical symptoms sometimes iK'ing veiled. In such 
cases the rays not only give the correct information, but also fur- 



78 THE KOXTGEN RAYS 

nish the guide for the [iroper surgical thornpy. Fistiilie and cysts 
have to be considered from the same points of view. 

In a case of severe neuralgia the question arose whether an old 
.root was the eauso of the evil. The skiagraph showed that the 
small screw of the adjacent artificial toolh had been attaclicd in 
a wrong direction. After it was unscrewed the pain ceased. 

The presence of a gnmma also pnzdes the dentist, the question 
whether the swelling he due to syphilis or to an old dental root 
not being solved except the rays come to liis rescue. (Sec Cliapter 
XII] on Diseases of the Bones and Joints.) The fact slionlil not 
be lost sight of that old roots undergo atrophy in tlio courw of time, 
so that they appear small and thin. This explains why they may 
l)e overlooke<l in a me<liocre skiagraph. 



CHAPTEll VII 
NECK 

The neck may be fliioroseoi)e(l as well as skiagra plied while 
the patient is seated on a chair, but for skiagraphy it is better to 
have the patient reclining on a table or the floor, a small pillow 
supporting the head. The best exposures of the upper cervical 
vertebra? are made by turning the patient sidewise. In this posi- 
tion the cervical vertebra? are better shown, the angle of the max- 
illa not overshadowing their upper portion. The dark shade of 
the hyoid bone, as well as the lighter shadow of the larynx, the 
epiglottis, and the trachea are well represented (see Figs. 44 and 
45). The (Esophagus, while not conspicuous, can be made out 
behind tbe trachea as a hollow space. The bodies, the spinous, 
and the transverse processes, as well as the intervertebral foramina, 
appear very conspicuous. For the lower cervical vertebrae the re- 
cumbent position may be chosen, the patient's occiput reclining and 
his chin being elevated. Fixation is done best by surrounding 
the head and neck with sand-bags. The atlas shows its character- 
istic outlines very distinctly, while the epistropheus is recognised 
by its bifurcated spinous ])rocess. 

Aneurvsm of the carotid and the subclavian arteries is demon- 
strable. Tumours of the larynx, especially chondroma and ossifi- 
cation, goitre and concretions in the submaxillary gland are easily 
recognised. 

Exploratory incision for suspected foreign bodies in the phar- 
ynx, tonsils, larynx, trachea, and cesophagus have become unneces- 
sar}**. The rays as ex]>l(>rers have indeed realized the old ideal 
desideratum : Cito, tuto et jucunde. Whoever has felt the uncer- 
tainty in diagnosticating foicign bodies in these regions, and espe- 
cially wbo lias been tempted to resort to adventurous procedures, 
must keenly fed tlic blessings which the rays have brought. If 
the Hiintgen rays had done nothing else but locate foreign 
bodies in tbe throat, they would represent one of the great(»st 
blessings to suffering humanity. Aletallic bodies, such as needles, 
coins, or bone-fragments and buttons are easily recognised by 
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fluoroscopy, and may be extracted through a tracheotomy- wound 
under the guidance of the bronchoiscope. Artificial teeth usually 
show also well, while shells of a nut or a splinter of wood are 
demon Btrable under favourable circumstances only. 

Foreign Bodies in the (Esopha^s. — As illustration of the re- 
moval of a coin the following case may be mentioned; A baby of 
one year old hail swallowed a penny nine daya before the author 
saw it. When examined first it was decided that the foreign body 
had passed the oesopbupus. The raolber watched the fseces of the 
patient carefully, but lUd not find the penny. In the meanwhile 
the baby became feverish and vomited frequently. When the child 
was first seen it gave the impression that a grave disease was pres- 
ent. Instead of introducing an cesopliageal prolx.', as was done in 
former jears in such cases, the fiuoroscope was used, which located 
the penny at once on a level with the second rib. A coin catcher 
was then introduced. After having passed the isthmus a resistance 
was felt; the instrument was then pushed forward, turned, and 
withdrawn until eopsiderahle resistance was encountered, when the 
steel attachment of the coin catcher broke, so that coin and catcher 
were both in the (Esophagus. After many unsuccessful efforts, the 
broken fragment of the coin catcher was extracted (with an 
oesophageal forceps). The coin was now propelled into the stom- 
ach with a whalebone pusher. No sooner was this accomplished 
than the child vomited and the penny was ejected. 

Fig. 49 shows the skiagraph of a child of two years who swal- 
lowed a 5-cent piece si.x days before Riintgen e.xaminatinn was 
resorted to, the child not having shown any gnive symptoms dur- 
ing the first few days. On the fifth day respiratory disturbances 
were noted. When the writer Siiw the chihi six days after the acci- 
dent he could locate the coin at the level of the first rib. 

Extensive bronchopneumonia had supervened in the meanwhile. 
The frequent respiratory movements made it very difficult to ob- 
tain a good skiagraph. In spite of the great restlessness of the 
patient an exjtosure of fifteen seconds sufficed to i)roducc a dis- 
tinct representation of the coin. The plate also shows the rami- 
fications of the bronchi. 

The extraction of the coin was done too late and the child 
succumbed to pneumonia. This is the regidar course of such cases 
if their nature is recognised too late. Nowadays there is no ex- 
cuse for such procrastination. 
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Another remarkable case is that of a girl of fifteen years, who, 
on the evening previous to the examination, had held a needle 
between her teeth, which, when frightened by a sudden noise, she 
swallowed. Medical care was summoned at once. The distinct 
pain, located at the region of the first and second dorsal verte- 
brsB, was attributed to the injury, which had presumably been 
caused by the needle passing the oesophagus. The pain becoming 
more intense during the night, the patient was brought to the 
hospital, where, after being under ana'sthesia, she was advised that 
the needle was in the stomach and would soon pass per rinn naturalr.t. 

Later, when the neck was examined with the fluoroscope, the 
needle was found at a level with the first rib. By introducing the 
finger into the ccsophagns, the needle could be distinctly felt at 
.this region, and was successfully dislodged, so that it was possible 
to extract it with an cesophagcai forceps. Without the fluoroscope 
it would not have been possible to progress with such absolute 
certainty. 

If the fluoroscopic exnniinatitm had not been successful, the 
thorax and abdomen should have been skiagraphcd and the for- 
eign body would probably have been lecated somewhere in the 
0?8ophagus or the stomach. 

Gocht reported the case of a patient who had been submitted 
to repeated operative procedures on account of severe pain in one 
of his tonsils without obtaining any relief. The Rimtgen rays re- 
vealed a needle fragment deeply emlx-dded in the tonsillar tissue, 
where, of course, it had been inaccessible to palpation. 

FractnreB of Hyoid Bone, Larynx, and Vertebrie. — Two years 
ago (New York Gennan Medical Society) the writer reported the 
case of a woman of twenty-one years, who, in falling downstairs 
during an epileptic fit, sustained a fracture of the right transverse 
processes of the first, second, and third cervical vertebrie. That 
there was a fracture within the cervical vertebnr was at once 
recognised by the family physician, but its localization, and espe- 
cially the fact that only the transverse process was concerned, could 
be verified only by means of the RiJntgen rays. 

Reduction was aceomplished under the guidance of the Riint- 
gen rays. One of the vertebral fragments was felt as a protruding 
mass from the posterior pharyngeal wall and was pushed backward. 
The after-treatment consisted in the application of Glisson's 
cradle. Recovery was perfect after nine weeks. 
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Goitre. — The various types of goitre, viz., the colloid, cystic, and 
parenchymatous, show ditferent anatomic conditions. The colloid 
typo shows a few coarse non-fluctuating noduk-s while the cystic is 
globular in shape and distinctly fluctuating. The parenehymatoue 
type is distinguished hy its regu- 
lar coarse-grained structure. 

Sclerotic and hyaline degener- 
ation of the connective tissue 
leads to calcareous deposits in tlie 
course of lime. Thus amis of 
filirous as well as my.\omatous 
goitre may heiome petrified. Sin- 
gle cysts may also heeome calci- 
fied. The clinical diagnosis of 
conditions of this kind is hased 
upon the resistance of the tissues, 
while the vascular types are rec- 
ognised by the pulsation, the 
hruit, and the compressibility. 

There is a variety of goitre, 
however, the type of which can 
\k recognised neither by inspec- 
tion nor by palpation or tlio laryngoscope. This is deplorable, 
l>ecause the mode of therapy is influenced by the detailed diagnosis. 
Sometimes a puncture may show the degree of density of the tis- 
sues. If the needle comes into contact with calcareous deposit 
grating is perceived. Then, of course, the diagnosis is easy. 

But differentiation by the Rtintgen rays is much simpler. In 
the frequent cystic or fibrous varieties the calcareous deposits can 
be well demonstrated by skiagraphy. (Sec Allgemeines iiber den 
Kropf und seine Behandlung. New Yorker Medicinische Mo- 
nalsschrift, October, IftOO.) Whenever the calcereous depooits 
were found the injwtion of iodoform -ether, which gives splendid 
results in the follicular and colloid types, was not tried. Extirpa- 
tion was resorted to ihcn, provided there was enough disturbance 
to justify such radical slejis. 

Kifr. 50 (compare Korlschritte auf dem Gebiete der Rontgen- 
strahlcn, Hamburg, Bd. iv) represents the case of a woman of 
thirty-two years who suffered from a goitre of the size of a man's 
fist. lodoform-ether injections were tried without success, the rea- 
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soil of whifh via,-^ L'Siiijiiru-d by the [ircspnw of two Hvli-riiarkeil uiil- 
careouB foci in the *ikiai:rapli (Fig. 51). This stiowtd (he char- 
acter of the growth to be a cystic goitre associated with calcareous 
deposits. In such cases llie injection treatment ulwavs fails, 
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therefore extirpation has to ho rcsortctl to. pn>viilcil the disturb- 
ance justifies 80 severe a procednre. 

In retrosternal jfoltrc* it can be ascertained by skiagraphy how 
far thi-y c-\tcn<i to the nicdiastinutn. 

Tnberculona glands arc faintly shown if they are thick and 
contain cheesy deposits. Calcareons degeneration, of course, can 
be distinctly represented. 

Never before was llie inadequacy of our radical endeavours 
more clearly illiiRtrated to me than hy skiagraph t'ig. .'.S, wbir-h 
represents the case of a woman of twenty-eight years, whose tuber- 
culous glands were repeatedly removed from her neck during the 
last nine years. The last recurrence showed a number of fairly 
large and coherent glands, the capsules of which adhered among 
themselves. Their contents consisted in chtesy pus mixed with cal- 
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careous masses. In view of tlic liittory, it was natural that the 
most thorough removal of suspicious tlRSue was contemplated. In 
order to jjnin acc'ess to a large area the sterno-cleido-mastoid mus- 
cle was divided transiersely. Now the superficial glandular chains 
could be casilv removed, but in the deeper strata it appeared diffi- 
cult to reach the many small glandular globules. Still the author, 
after having extirpated every suspicious globular element between 
the interstices, felt contented that he had at least removed all cal- 
careous glands. Ho could well appreciate that a few of the small 
soft recent glands could escajH; palpation, but he did not assume 
that the hard calcareous niassi's coulil not Ix' felt. Still the nuinu- 
nicnlal impoliteness of the rays showed shortly afterward that no 




less than thirty small calcareous glands were left. The importance 
of a demonstration of this kind is evident, and suggests repeated 
operative steps. It shows at the same time how important con- 
Gtitutional post -o iterative Iroatnient is in such cases. 
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As onipliatiizod in the (^i-iieral I*arl. llio wrpcn diwphiys its iniiin 
virtues in tlic diagnosi;; of the diseases of the chcpt. sinue it per- 
mits of the oljservutioii of organs while they are in eontinuou-' 
motion. The number, rhythm, and shape of the various motions 
can bo distinctly studied. 

The ehe«t may l)c Hnoroseoiied while the patient is stanilinR or 
seated on a ehair provided with a low baek. As to the pci-uliarilics 
of other positions, referenee is made to the general part on iluoros- 
copy. As a rule, soft tulK's t^liould k' used for thorncie e\amina- 
tion, the harder variety being preferred for ttio representation of 
dense foreign bodies only. The dorsal vertebne, the ril)s, the 
elavicle, their injuries, diseases, and malformations (supernunier- 
ary ribs) can be well seen. The heart, the lungs, the pleura, and 
the diaphragm can be studied thoroughly. Foreign bodies in the 
thoracic eavity arc easily recognised, and most diseases of tlie 
thoracic cavity, so, for instance, enlargement or diiiplacement of 
the heart and effusion in the pericardium, as well as aneurysm 
and the various kinds of mediastinal tumours can Ik- studied. 

Pneumonic solidification, phthisical fnei. cavities, aliscesses, 
tumours, bronchiectasis, emphysema, and retractions of the lungs 
can be recognised by fluoroscopy as well as by skiagraphy. EfTu- 
sions in the pleural pavitv, also fibrous swards of the pleura and 
irregularities of the excursions of the diaphragm are noted. 

For efciagraphing the patient an even table of strong construc- 
tion or the carpeted floor is selected. Posterior irradiation is done 
in the dorsal position, the spinal column, as well as the imsterior 
portions of the ribs with their heads, necks, and tulwreles becom- 
ing apparent, especially at their right side. The direction of the 
posterior ribs is downward, while that of the anterior is upward. 
The image of the anterior aspect of the ribs is naturally diffused 
on account of the much greater distance from the plate. Soft 
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tuber! wliHW the rii»s bit^l, tlu' tiiiR' of exposure not to t'xecoil three 
ininiitii>. 

In tikiHgraphiii); anteriorlv liv ))ostori<ii' irradiation, tlie patient 
hinp on his aiKloiikn, the « lavide, the (iteniiiiii, aii«I the adjmning 
ribs nm \ic well dcfineil, Tht' (list i net ness of thi; skiagrapli aufferii. 
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however, on accouiit of the patient's oppressed respiration. On ac- 
count of the distance the spinal column and the posterior ribs 
appear diffused. The heart being situated so near the anterior 
chest wall, shows its outline well marked. The shadow of the large 
blood-vessels is less distinct. The shadows of the normal lungs, 
especially the middle portions, are extremely light. 

The upper dorsal vertebrje, as far as they are not obstructed by 
the shadows of the heart and the large vessels, show fairly well. 
The same applies to the three left dorsal vertebrae. The other 
portions o( the spinal column appear indistinct within their cvlent 
of the thorax. Abscvstts can sonietinies be recognised in this re- 
gion by using the diaphragm. The outlines appear more marked 
in oblique projection, but there the skiagraph becomes considerably 
distorted. 

The sternum is best represented by a short exposure. For this 
purpose a hard tube must be chosen, the patient being requested 
to hold his breath for half a minute. The sterno-elavicular junc- 
tion, tumours, capillary gummata, are frequently noted. For com- 
parison the normal anatomic relations of the thorax should always 
be kept in mind (Fifis. r>;i and Vi'A.) 

In regard to the study of the diseases of the lungs it may be 
maintained that whoever does not master the principles of auscul- 
tation and percussion is not fit to comprehend the fluoroscopic or 
skiagraphic signs. There are conditions in these organs that can 
be better elicited by the so-called physical methods, and others that 
can be ascertained only by means of the Riintgen rays. Wliile the 
rays show small tumours or infiltrated foci which, on account of 
their central location, cannot be diagnosed by the old iihysical 
methods, they have the disadvantage of always showing the tho- 
racic image in tolo — that is, thoy represent all the shadows of the 
tissue situated before as well as behind the diseased area at the same 
time. 

At the early stage of tuberculosis of the lungs valuable informa- 
tion can be derived from irradiation. Williams found the dia- 
phragm abnormally high at the affected side in incipient tulwrcu- 
losis on fluoroscopic examination. 

Solidification and atelectasis, as well as exudation and calcifica- 
tion, can be well demonstrated. The infiltrated walls of cavities 
are recognised as more or less distinct shadows surrounding a light 
area. The true nature of the various sliadows is often better un- 
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derstood, if, after previous skiagraphie representation, the thorax 
is also fluoroseoped in different positions. In that case we see the 
area which causes bronchial breathing, so to say, instead of aus- 
cultating it. Fig. 54 represents extensive tuberculous foci in the 
right lung of a woman of thirty-five years. 

The large number of the foci and their partial confluence 
point to an advanced stage. Clinical observation corroborates 
this assumption. Tlie sharply outlined obscure foci are of an older 
date, while the light shadows surrounded by foggy contours indi- 
cate recent destruction. 

Localization of abscess, echinococcns, and gangrene of the 
Inngs by the screen must be done in various positions. The tis- 
sue-defects appear as light shadows, with which the surrounding 
cavity walls contrast as dark shadows of an irregular circular or 
elliptic shape. If the shadow shows in the abdominal position as 
well as it does in the dorsal, it must l)e centrally located. 

In gangrene the gradual clearing up of the formerly solidified 
area is observed. Similar views apj)ly to echinococcus. (See 
Echinococcus of the Lungs. Journal of the American Medical 
Association, Novemlx'r 19, 1898.) 

Fig. 55 illustrates the case of a man of thirty-five years, who 
was stablied in the back. Little reaction following at the time, an 
injury of the lungs was not thought of until, three days later, 
chills, haniioptysis, and pleuritic symptoms announced the devel- 
opment of pleuropneumonia. Later a purulent effusion was dis- 
charged by simple thoracotomy. 

The suppuration continuing, a resection of a rib was performed 
a few months later. The patient improved then, but recovery did 
not take place. Three years after the injury, when the author ex- 
amined the patient for the first time, moderate dyspnoea, dimin- 
ished bronchial breathing and rhonchi were observed. Elastic 
fibres were also found. The injection of liquids into the fistulous 
tract produced violent attacks of coughing. A few minutes after 
the introduction of a strip of iodoform gauze the patient noted a 
decided taste of iodoform in his mouth. After having gained 
access to the pleura l)v the exploratory method (see Exploratives 
Princip und Technik \yo\m secundaerem Brustschnitt. Archiv fUr 
klinische Chirurgie, Esmarch- Festschrift) the margins of the 
pleural canal showed themselves considerably hypertrophied in 
some portions. The diameter of some of the swards amounted to 
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aa inch. After tlipsc fibrous areas wcro removed, avve^ was gained 
to a puliiiouarv uavily of moderate extent. The granulations 




which lined it were romovoil and a loow! packing with iodnform 
gauze used. 



A probe introduced into tlie i-avity showed a depth of 16 centi- 
metrcti. The question of localization could be well studied in this 
case by introducing a penny, enveloped in gauze, into the cavity 




and then attaching the ieacl-lctterg outside of the thorax (see 
General Part) by adhesive plaster. Thus the point of convergence 
of two lines can be constructed. 
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The skiagraph t-hows penny and probe and the varinue i~hudow 
tints — viz., the very light centre indicating tlie abscess cavity and 
the slightly darker outlines of the upper portion of its wall. The 
lower margin is overshadowed by the fragment of the eighth rib. 
At a flight distance from the abscess wall the dark margins of the 
remainder of the thickened pleura can be recognised. 

The surgical Ireatment of tnl)crculous cavities docs not show 
many encoiiraging results. If the rays, however, show a large 
solitary cavity, exposure and drainage should he attempted, pro- 
vided other pulnional areiis are but little involved. 



PLEURA 

Flenritic effnsioni show a nuirkcd opacity through the fluoro- 
Bcope. The larger the amount of effusion the greater the degree 
of opacity. In i)yotliorax the opacity is somewhat lesw complete 
than in serothora.x. 

Especially on the right side the outlines of the liver show a 
marked contrast to the lower Loundary-line of the effusion. The 
inner boundary-line of the effusion generally appears convex, but 
if the patient inspires deeply, or if he coughs violently, it loses 
its convexity and becomes horizontal. By changing the position 
of the patient, of course displacements of the effusions are ob- 
served accordingly. Uniform transparency above the effusion 
points to the result of a simple inflammatory process, while con- 
stant opacities of an irregular appearance justify a suspicion of a 
beginning tuberculosis. 

As a rule, it is found that the area of dulncss corresponds to the 
area of shadow. 

Fyothorax. — The diseased tissues in pyothorax show a greater 
density than those of the lungs. The diaphragm appears to be 
depressed. 

The extent of a i)yothoracie cavity may be estimated hy filling 
it with iodoform glycerin or with a solution of iodide of potassium. 
Water will also produce a shadow. The subnitrafo of bismuth, 
which is not permeable by the rays, furnishes a still more marked 
contrast; but as it interferes with the treatment, its iise cannot !« 
recommended for this especial purpose. The screon also i^hows the 
degree of expansibility of the compressed lung. The rays prove 
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tlint, aftiT suU|K'rioi)tcal, sotiiefiiiics even after total resection of a 
rib, the cxweoled portion is more or Ifsti refornictl. 

Fig. 56 iliuBtrates the ease of a boy of nine years in whom re- 
covery from pyolhorax of three years' standing was obtained after 
resection of the fifth, sixth, seventh, and eighth ribs and a portion 
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of the scapula. The bone proliferations could be demonstrated as 
early as three weeks after resection. 

Hydropnenmothoraz shows the very dark outlines of the e;iuda- 
tion in contrast to the lijiht shadow of that intrathoracic area 
which contains nir. The dark boundary-line of the exudation can 
be recognised by the screen as an ascending and descending line 
during the respiratory movements. 
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HEART 



The patient may be examined in the sitting as well ae in the 
recumbent posture. The tube should be as near to the thorax aa 
possible, but it must not be overlooked that the size of the shadow 
of the heart is exaggerated. For proper interpretation the dis- 
tance of the tube must therefore be noted, especially if tracing is 
done for later comparison. 

The importance of recotrnising an enlargement of the heart is 
evident. Our physical methods are so highly developed that the 
diagnosis of an enlargement will seldom lie difficult. In some in- 
stances, however, conijMirison can be made with a higher degree of 
mathematical exactness by the Rontgcn method than percussion 
would permit. So, for instance, Schott (Nauheim) could demon- 
strate that the hearts of bicyclists were temporarily enlarged after 
a great exertion. 

Our knowledge of the cfTecls of valvular lesions, of fatty de- 
generation, aneurysm, sclerosis, pericardial adhesions, etc., became 
very much increased by fluoroncopic examination. 

Fig. 57, for instance, shows the hypertrophied heart of a girl of 
eleven years after an attack of rheumatic endocarditis. 

The movements of the heart can be thoroughly studied, its 
regular contractions especially being easily observed For exact 
measuring, the various stages of respiratory movements must be 
carefully noted, so that no errors occur when comparison i« made 
with later results. The pulsations are most marked during the 
stage of expiration. The observations of Willnnis and Benedikt 
proved that some physiological errors in regard to the mode of 
contraction of the heart existed. That the heart dots not emptv 
itself completely at each systole becomes cvidt nt bi the pret-cme of 
a large blood-shadow, TIm.s we learn that the contractions of the 
heart are not of the extent assumed heretofore. In proportion to 
the amount of blood filling the ventricles the shadow of the apex 
appears lighter or darker. 

During deep inspirations it can bo observed that the diaphragm 
becomes distant from the heart, which proves that the heart is sus- 
pended by its blood-vessels and is not supported by the diaphragm. 
Full inspiration shows the lungs more translucent, so that their 
shadov*' appears in greater contrast to the dark outlines of the 
heart. 
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The importance of ascertaining the accurate size of the heart 
by skiagraphy should not be underestimated. For this end at 
least two skiagraplis, under different projcetion piiines, should be 
made. The principles of localization should be well observed (see 




(ieiRTiil I'lirt). For dcxtrwardiii. sec dcscriplion of case of left- 
si dtni dio! ivy st ostomy (p. 112). 

PerioRrditii is sometimes paused by a fmrlurr or rib-fragment 
which has pierced the poriciirdiuni. 

A trnuniii of this kind may Ix- elicited by the Riintgen rays. It 
the ciinicjil symptoms arc slight, the rays showing no displaced 
splinters, expectant treatment is entirely justifialile. Even if a 
bullet, after luiving fractured a rib, has entered the |H'ricardium, 
there may lie no need of surgical interference, providing uo severe 
symptoms are present. 

In a man who was shot, eight years l)efore his death, into the 
suprnclavicular fossa from almve, the bullet could l>o located at 
the a])ex of the liearl. The patient had never suffered from any 
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symptoms pointing to the presence of the bullet. At the autopsy, 
performed at the St. Mark's Hospital, the iiullet was found em- 
bedded in fibrous tissue in the pericardium. 

The evidence of a large bone-Bpl inter pointing towards the 
perieardium is an urgent indiiatton for e.'cpostng the pericardial 
sac after the resection of the left fourth, fiftli, and sixth ribs. 
These need not Ik resected in their totality, but may be folded up 
at their sternal junctions like a bone flap of the skull. The diag- 
nosis of [jericardial adhesions may also be vcrifi<Ki by the fluoro- 
copic screen, which would show limited expansion. 

Sclerosii of the Arteriea. — The diagnosis of arteriosclerosis, 
while very easy on the surface of the body, was very diflicult in the 
deeper tissues. According to the text-books on internal medicine, 
the thickening of the tunica intima cannot l)e recognised if it be 
confined to a small area or to single small foci. It hardly need 
be emphasized how important it is to know whether, in a given 
case of sclerosis of the radial nrtery. foci in other vessels exist. 
Neither can (he number of these obstructive foci lie a matter of in- 
difference, nor whether a large artery, such as the aorta, or only a 
small one, such as the temporal, is concerned. The presence of a 
large number of foci means a loss of propelling energy in the circu- 
lation, which can be compensated only by the incrcase<l working 
power of the left ventricle. The arterial pressure thus becoming 
higher, hypertrophy of the overworked ventricle will l)e the most 
natural consequence. If such (nn are rwognisc-tl at an early stage, 
proper prophylaxis can accomplish a great deal in preventing 
sec'Ondary disturbances. The prognostic significance of an exact 
knowledge of the condition of the arteries is .ilso evident. The 
Riintgen rays give us a more reliable method of ascertaining 
this condition of the vessels, and this in nearly every part of 
the body. So-called intermittent limping is thus sometimes ex- 
plained by the early recognition of Bclen)sis of the arteries of 
the foot. 

Sclerosis of the arteries points to lues sometimes. In such 
cases pnI|)ation of the radial artery might reveal nothing abnormal, 
white skiagraphy of the tibialis antica and postica shows cal- 
careous degeneration. 

In a case of sclerosis of both radial arteries (Fig. ."ifi) the fore- 
arm, neck, femoral, and aortic regions were studied skiagraph- 
ically. Kowhere did the plates show any indications of degenera- 
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tion of an artery except on the forearm. From the negative state 
of the other ekiagraphs the conclusion was drawn that the pa- 
tient's arteriosclerosis was confined to the radial and the anterior 
interoBikious arteries — a limitation that harmonized with the good 
general condition and the absence of palpitation, dyspntea, and 
vertigo. As a rule, however, the sclerotic process is first recognised 
in the region of the foot. Whenever patients between thirty and 
and sixty years of ago, especially if they are addicted to smoking or 
drinking, complain of " rheumatic pains in the lower extremities," 
skiagraphic examination is indicated. 

Sclerous and Otseooa De^neration of Veins. — The pathological 
changes in the veins are similar to those observed in the arteries. 
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phlebosclfrosis (fibrous degeneration of the tunica intima) being 
nearly as frequent as arteriosclerosis, but as a rule being of a leaner 
extent. Calcareous deposits in the veins are iwmetimes reported 
as vein-stum's, or phleboHtks. But that there is a degeneration 
of the intima which siiows real osseous structures seems not to 
have found any att^'ntion. Fig. 59 shows the presence of per- 
fect osseous texture in the saphenous vein, as well as in the l>e- 
ginning of its ramifications, in a lady of fifty-six years. Dr. 
Ludwi^ Wi'is*. of Xt'W York t'ity, to whom the author is indebted 
for observing the case, found that the patient had suffered from 
varicose veins of both lower extremities for thirty years. There 
were fpHiuent attacks of thrombophlebitis followed by dilatation 
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as well as by cicatrization, the latter causing the signs of phlebitia 
obliterans on various portions. There was also a large ulcer from 
which profuse hemorrhage had taken place several times. 
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o, Interna! saphcnoos vein— late staga; b, i 



nc — early stage ; f. amall aaphen 



The (Mitient suffering Ciintiuuoush- from more or less pro- 
nounftHl inliuinniaforv condition, and L'onsetjiiently fmnt oedema 
and induration, extirpation of the varieous areas was advised. On 
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removing them the author found a number of thrombi in the 
dilated vuins which on some portions resembled aneuryematic sacs. 
The hard consistency of the thickened portions induced liim to 
make them the object of skiagraphic exposure. The anatomical 
information obtained from such skiagraphic examination seems to 
be of practical value. Whenever the Rontgen rays show the presence 
of osseous degeneration, it is obvious that the much favored meth- 
ods of using massage, which is so effective in arteriosclerosis, laced 
stockings, elastic bandages, injections into t!ie circumvascular tis- 
sues, or ignipuncture represent not only futile, but directly danger- 
ous efforts, the only procedure which guarantees recovery being 
extirjwition. If perfonned under strict aseptic precautions the risks 
of the operation are practically nil. The diagnosis of the presence 
of osseous degeneration can not be made by palpation, the indurated 
areas not appearing different 
from simple fibrous convolu- 
tions. Thus the Kiintgen rays 
are the only means to give ana- 
tomical evidence Ijefore opera- 
tion. 

Tumour of the Hedluti- 
nnm. — As to type, shape, and 
size of any meiliastinal tumour 
much more R'liablc informa- 
tion can be obtained by skiag- 
raphy than by percussion. In 
the case of a patient, aged 
fifty-three years, the symptom;- 
of (esophageal stenosis became 
appaR'nt, the cesophageal 
sound stopping at the level of 
the fifth dorsal vertebra. 
Signs of cachexia supervening, 
carcinoma of the n>sophagus 
was thought of, and the ques- 
tion of operative interference 

arosi'. The skiagraph showed a mediastinal tumour of the size of 
a newl)orn childV head that pressed upon the a'sophagus. There- 
fon> an operation was not expected to be of any tiencfit. The 
autopsy verifitJ the diagnosis five weeks later. 




Pia etv— MiBLoaABCOHA or Tiiokacic 



100 



THE RONTGEN RAYS 



Tnmoiin of the Thoracic Wall. — In tumours of the chest-wall 
(fibroma, osteoma, chondroma, ogteochoDdroma, myelosarcoma, 
oeteosarcoma, etc.), the question as to how far the pleura and lungs 
aru involved is of great 
importance, and may 
determine whether re- 
moval stiil offers any 
ho])c or benefit for the 
patient. The same may 
apply to far advanced 
cases of carcinoma 
mamniie. which, thanks 
to the advances of sur- 
perv, are rarely seen at 
the present time. 

A case of tiarcoma 
in a lioy of seven years 
is ilhistrated by Fig. 
GO. The skiagraph in- 
dicated that the intra- 
thoracic organs were 
free. The correctness 
of the indication was 
corroborated at the op- 
eration. (The niicro- 
scopicai examination, 
made hy Dr. L. Fischer, who kindly referred tlie puticTit to 
the author for operation, showed tlie tumour to be a myeto- 
sarcoma.) 

Fig. CI ilhistrates the ease of perforating jiyotliorax in a chihl 
of three years three months after the onset of tlio disease. The 
swelling being of a linrd nature and the course In'ing slow, a 
tumour was suspected first. Of course, the diagnosis could be 
well made without skiagrapliy, still it was interesting to note the 
integrity of the intrathoracic organs by it. 

In the case of carcinoma mamma-, described in Chapter XVIU 
on Riintgen-llay Therapy, the beginning metastasis, which was the 
precursor of pleuritic exudation, was also shown by the Kiintgen 
method. Thus the imminent fatal end was predicted, although the 
patient still felt well at that time. 
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(Esophagi StenoiiB. — To localize stenosis of the oesophagus a 
rubber tube containing thin, flexible steel wire in spiral form may 
be used, the skiagraph demonstrating where the stoppage of the 
tube occurs. Most patients, however, will not tolerate this other- 
wise effective procedure. Fig. d'i illustrates the stoppage of a 
sound at the point of stricture, cniiscd by carcinoma of the cpsoph- 
agus, in a man of fifty-eight years. Gastrostomy was performed. 




which prolonged the life of the patient for eighteen nionlhs. The 
Uontgcn method permits of different iat ion tx'twcen real stenosis, 
produced by pathological changes in the oesophagus wail, and eon- 
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ruclioiie, sufh as may be found 
nces of innervatioD. 

For fluoroscopic observation 
paque siibfitance, like subnitrate o 
f ailjustwl in front of the pat 

10. Oa— AOKT(C AwELMrSM PuOJEl'TIKQ 
INTO THE SUPKAUI.<tVTCUL*K St-XCt. 

In a palient of sixty-five years 
oregTOuntl. Percussion and auw 
eft Ride, reaching from the lowc 
nches below the arrh of the ribs. 

There was a slight bruit, but 
ion was slightly interfered with. 
nlly there was no cachexia. The 
upying nearly the entire loft 
utline, together with the absence 
nee of a solid tumour. The a 
bowed an enormous sarcomatou 
'lands. 
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in hysteria, caused by disturb- 

t is advisable to administer an 
f bismuth in a wafer. The tube 
enfs right shoulder in such a 
manner that the chest is ir- 
radiated from the right upper 
anterior aspect towards the 
left lower posterior. The bis- 
muth (al)out 15 grains) can 
Ik" seen during the act of 
swallowing as a marked shad- 
ow that becomes diffused after 
a few seconds; then a portion 
of it is detected in the area of 
stenosis, while the other 
M'sophageal parts show noth- 
ing: abnormal. In carcinoma 
ilic bolus remains at the wat 
of the stenosis. 

(Esophageal diverticula may 
be recognised by introducing 
a sound the end of which is 
]>rovided with a rubber bal- 
loon. If the latter is inflated 
iit silu, the diverticulum is 
shown as a light globular 

asthmatic symptoms were in the 
ultalion showed dulness of the 
border of the third rib to two 

no visible pulsation. Degluli- 
The patient was thin, but appar- 
akiagraph showed a tumour oc- 
horacic cavity. The irregular 
of pulsation, pointed tn the pres- 
topsy, made two months later, 

degeneration of the bronchial 


^M 





Aneurysm of the Aorta. — Aortic aneurysm can be studied by 
the screen as well aB by skiagraphy. In the case of an Italian 
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labourer a pulsating tumour was detected at the left intradavicu- 
lar fossa (Fig. 63). The diagnosis aneurysm of the subclavian 
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on advised. In t!ie meanwhile 
t showed the presence of aortic 
nour being only a portion of it. 
ra was adminifitered the siipra- 
irely. The size of the aneurysm 
had considerably decreased, as 
was shown by the ekiagrai»h 
(Fig. (i-1). In harmony with 
the anatomic diagnosis is the 
excellent condition of the pa- 
tient, who has now been un- 
der observation for three years. 
It should be borne in mind 
that under normal circum- 
stances the aorta is seen in the 
left mediastinum at the first 
intercoelal sjtacc. A sac-like 
Inilging of the arch, showing 
lonsidenible pulsation aljove 
fills space, points to the pres- 
fnco of aortic aneurysm. Ve- 
liemeut (lulsation, if there is 
no sac-like bulging, points to 
aortic insufficiency. 

In a most extraordinary 
ed by Fig. (15, it was possible to 
■ophy of the flternum down to the 
portions of the clavicle, but also 
r the parasternal line and down- 
Fig. f.(i.) The patient, an arcbi- 
an by birth, single, gave the fol- 
ed suddenly when sixty-five years 
y when sixty. His only brother 
There were no sisters, 
le examination verified his state- 
is, as well as any erotic excesses, 
Iways well until five years ago; 
leavy weight, be noticed a small 
his neck; this grew constantly, 
ior surface of the neck and the 
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rtpry liail bwn made and Ugat 
everid skiagraplis were taken tb 
neurjsm, the supraclavicular tu 
hortly after iodide of potajisiu 
iavicular tumour diwapjK'arcd eii 
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lu. l>.-..-t,vmoi,.. ^ A..IUK' .A^blKl»M 
Causinu Atiioi'ui ur thk Ci.aviclk 
IND THE Btkhnuh. (ComiAie Fig. IHl.} 

ase of aortic ancuryBin, illiistrat 
lomoDfitrate not only complete at 
siphoid procesa, and of the sterna 
he overlapping of the heart ovc 
vard displacement of its upex. 
ect, aged thirty-nine years, tJern 
owing family hiBtory : Father d 
of age; mother also died sudden 
died of typhoid fever at twelve. 

Tile patient denied lues, and t 
nent. tiout and chronic nephril 
were to be eseluded. He waa a 
hen. after lifting an excessively 
irotuberance on tlie left side of 
nvading at la»t the whole &nt9 



upper portion of the chest. It is highly probahle that the exertion 
in lifting caused an enormous increase in the circulatory pressure. 




followe<l bv an overextension, and probably a laceration of the 
tunica intima and media. 

Shortly after this hf was admitted to a hospital, whore ho was 
treated for torticollis, as he states, for five weeks. Durinj; that 
period slight dysphagia and hoarseness had been present. He re- 
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covered again so far ae to regard himself well for an entire year. 
Then a " severe attack of malaria " induced him to seek hospital 
treatment again. At that time the tumour had not exceeded the 
size of a large apple. The hoarseness was considerable then. 
After having improved again he left the hospital, and for eighteen 
months after had been under medical treatment occasionally. 
Then he began to suffer from slight dizziness, with constriction of 
the throat and chest. Slight dysphagia and hoarseness recurred. 

On October 31, 1898, when the patient entered St. Mark's 
Hospital, the author saw him for the firft time. The tu- 
mour had reached an enormous size, then extending over the 
sternum, the sternal portions of the clavicles, and the whole ante- 
rior surface of the neck, the diameter of the latter portion being 
7^ inches (see Fig. Gfi). The constant pressure of the tumour had 
caused complete atrophy of the adjoining osseous structures, so 
that no visible trace was left of the sternum or of the sternal por- 
tions of the clavicles. 

The e-\aminntion of the heart l>oth by percussion as well as hy 
the Rontgen method revealed hypertrophy of the left ventricle. 
The apex beat was felt in the sixth intercostal space an inch 
beyond the mamillary line. Above the jugulum and in the right 
parasternal line a diastolic as well as a systolic murmur was no- 
ticed, the latter l>cing more distinct at the systole. On placing the 
hand gently on the tumour slight vibration could he felt. 

The lungs were normal. No cough was present. Sometimes, 
especially after any muscular exertion, there was dyspntpa. The 
respiration was 20 to the minute, the pulse 78, the temperature 
oscillated between 07° and 98° F. The pulse of the riqht radial 
artery was weaker than that of the left, and lagged Iwhind it ap- 
preciably. There were no signs of arteriosclerosis. The voice 
was clear and its resonance simply remarkable, the previously 
existing hoarseness undoubtedly having k'cn due to pressure 
paralysis of the recurrent nerve. The dysphagia, caused by press- 
ure upon the (esophagus, was very moderate on his admission. 

The subjective di.sturbances of the patient were then insignifi- 
cant. He had a fine appetite, and had attended to his business 
for the preceding four weeks. 

The pulsation was unusually moderate in comparison to the 
large size and hardness of the tumour, a circumstance which 
pointed to the presence of abundant coagulation. It must also be 



CHEST 107 

assumed that the aortic wall formed by adventitia and the abun- 
dant proliferation of connective tissue had become so much forti- 
fied that the blood could discharge again from the subadventitial 
sac in the peripheral portion to the proper vascular channel. To 
these fortunate circumstances, the coagulation as well as the 
patency of the vascular channel, the surprising euphoria may be 
attributed. 

As alluded to above, the skiagraph shows complete atrophy of 
the sternum down to the xiphoid process, and of the sternal por- 
tions of the clavicles. The heart overlaps the parasternal line, and 
its apex shows a slight displacement downward. Its oval shape is 
distinctly recognisable, and is well demarcated from the aneurysm, 
the intrathoracic extent of which is enormous. Other skiagraphs 
taken by the author show the aortic arch, which is not as well 
represented in the otherwise distinct skiagraph (Fig. (56). 

Thus it can be seen that often more reliable information as to 
type, shape, and size of intrathoracic tumours can be obtained 
by skiagraphy than by percussion. There can be no doubt that the 
Kontgen rays enable us to recognise aneurysms at their earliest 
stages, so that frequently a series of prophylactic measures can be 
taken which mav counteract anv further aneurysm formation. The 
therapy being under perfect control, it can be ascertained whether 
under treatment either improvement, arrest, or still further expan- 
sion may take place. 

The patient had been subjected to BarwelFs diet and to gelatin 
injections after the manner of Lance reaux for two months. The 
injections had bec»n well borne, except on one occasion, when a 
slight rise of temperature followed and persisted for three days. 
During that period the patient's general condition was consider- 
al)ly affected. There could be no doubt, however, that the tumour 
decreased in size; the hoarseness disappearing entirely, and the sub- 
jective condition of the patient being much improved. 

In July, 1899, the patient died after three days of an acute 
attack of pneumonia. The autopsy showed no rupture of the enor- 
mous sac, but suppuration of the bronchial glands, probably 
caused by the gelatin injections. The specimen. Fig. (u, obtained 
at the autopsy shows the correctness of skiagraphic representation. 

Fracture of Ribs and Scapular Neck. — Fig. fiS shows fracture 
of the neck, of the scapula, and of the second and third ribs. The 
diagnosis of these simultaneous injuries was not made because the 
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thought to be eaueed by injury of tlie shoulder. The slight cough 
noticeable now and then was erroneously explained by bronchitis, 
from which the patient had suffered before he sustained the injury. 
The recognition of the nature of the joint injury enabled the author 
to reduce the fragment, which was <Iisplaee<l downward. 

Fractures of Dorsal Vertebrse. — In those cases in which a clear 
skiagraph of fracture of the dorsal vertebra can bo sw-ureil (as to 
technique see page 79), the type of fracture, the size and num- 
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lier of the splimers, ami ihcii- l.>cati(Hi niiiy K' represented so well 
that the indications for the mode of treatment can 1h- clearly set 
forth. After u geinTiil view is obtained, the scat of the injury is 
skiagrjipbed liy the aid of the diaphragm in order to obtain jitruc- 
tural details. If there is only slight angular displacement, reduc- 
tion can he accomplished. But in the event of intraspinal bwmor- 
rhape and wlien bone- fragments, driven into tbe canal, press upon 
the cord, operative interference is required. In children, of course, 
the Ix'st reproductions are obtained, one minute's exposure gen- 
erally being suthcicnt. 



110 THE RONTGEN RAYS 

Under the application of the Rbnlgen rays the results of oper- 
ations which formerly had been confined to exploration have be- 
come much more encouraging. The field of operation being out- 
lined by the skiagraph, tlie modus operamli can Ik determined 
beforehand. While at one time it was deemed advisable to expose 
a large portion of the spinal column in order to ascertain that every 
poBBible injury had really been reached, now all the operative pro- 
cedures can bo carried on under the indication qf the rnya with 
ease and i-ecurity, even Ihe length of the incision necessary for the 
removal of bone splinters being suggested by the skiagraph. 

It is surprising that surgeons, who find it most natural to re- 
lieve, by immediate operation, brain pressure caused by a depressed 
fracture of the skull, should hesitate to perform the similar opera- 
tions upon the spinal column. ^Nothing, indeed, i.s mure natural 
than reduction or removal of a fragment pressing upon the spinal 
cord. 

As to scoliosis, kyphosis, ami lordosis, it may be said tjiat their 
treatment can be well controlled by re|>eated i^klugrapbic obser- 
vations. 

luflammstory proceuea, like spondylitis, can be differentiated 
from fractures of the spinal column. Tuberculous foci in the vcr- 
tebrie are also demonstrable. The same ap|)lies to osteomyelitis 
and necrosis. 

Localization of bullets in the thoracic cavity is not always easy. 
The temptation to extract bullets that cause no disturbance is 
greater than formerly, a fact whicii is not to l>e rcfiistered among 
the advantages of the Riintgen rays (compare page S)5 on I'eri- 
earditis). 

Nowhere is the necessity of careful interpretation of skia- 
graphs so important as in thoracic diseases. It is utterly impos- 
sible to instruct a non-medical skiagraphcr and to impress upon 
him the necessity of emphasizing certain points. If the physician 
does this work himself he will be able to judge much better. But 
even then a great deal of doubt as to the real nature of an abnor- 
mal shadow may exist. The scientific physician must never be 
tempted to tax his power of imagination, but must base bis diag- 
nosis on all the methods at his command, of which the Ritntgen 
rays, however, form an integral part. 



CHAPTER IX 
ABDOMEN 

The abdomen is best fluoroscoped while the patient is standing. 
Skiagraphy is done either in the abdominal or dorsal position. 
Sometimes an examination in an oblique perspective must be 
added. 

The value of abdominal skiagraphy is greater than that of flu- 
oroscopy. The study of the various abdominal organs, however, 
leaves much to be desired. Considering the thickness of the abdo- 
men, it seems natural that hard tul)es should be employed in order 
to obtain sufficient penetration. But their great disadvantage is 
that they diffuse the rays so that the image becomes blurred. On 
the other hand, it is difficult to utilize soft tubes because thev do 
not penetrate the abdominal w^all. This factor will be discussed 
further below. The solid masses of the liver can be easily repre- 
sented, but the intestinal loops are only occasionally shown. The 
intestinal contents, especially those of the transverse colon, are 
recognisable. The outlines of the stomach can Ixj made visible by 
substances impermeable by the rays. The spleen and kidneys are 
rarely demonstrated at the screen, but can be outlined by skiagra- 
phy. Below the shadow of the liver, especially of its left lobe, the 
lower ribs are clearly seen. The triangular shadow of the psoas 
muscle, from the beginning at the twelfth dorsal vertebra, must 
always be recognised. 

The chief practical results in abdominal skiagraphy have so 
far been obtained in the representation of the injuries and diseases 
of the lumbar vertebra* and of concretions and foreign bodies. 
Thus fractures, dislocations, inflammatory processes, and growths 
of the lumbar vertebra^ can be diagnosed, as also calculi of the 
kidneys, ureter, bladder, prostate, urethra, gall-bladder, and 
hepatic ducts. 

Ill 
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LIVER 

Tlie liver is beet represented with the patient in the abdominal 
posture. In newborn children its shadow is especially well 
marked. The piisition, size, and shiipe may give valuable infor- 
mation in many ob- 
scure hepatic ailments. 
Sabphrenic Absceu. 
— The diagnosis of 
/' ^-^ suhpbrenic abscess is 

HWj^^^ m^HW dary-lines of the ab- 

scrcen being licld in 
front of the thorax 
and the Rontgen tube 
behind him, the upj>er 
portion of the diseased side must appear normal — that is, light. 
Below this area a dark one appears which indicates the diaphragm 
(Fig. G9, d). Below the diaphragm a very dark shadow is found 
if fluid is present. This would correspond to the dark area indi- 
cated by Fig. 09, a. 

When the patient's position is dumped the dark area, indica- 
ting the fluid, also changes. Sometimes there is an accnniulation 
of gas in the subphrenic abscess. Then a light area will !» seen 
above the dark shadow. As soon as the patient is shaken, the 
horizontal line, indicating the border-line Ix'tween gas and fluid, 
becomes wavy. 

In the reeiinihent position the dark area is shown only, even if 
gas be present. (As to further information, see author's mono- 
graph on Subphrenic Ahsccii.-i, Medical Record, February 15, ISOfi.) 
Total tranaposition of the viscera was well represented in a case 
depicted in the Annals of Surgery, May, 1899. Never before has 
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cholecystostomy for cholelithiasis beeen performed on the left side, 
as it was in this remarkable instance. 

The greatest usefulness of the rays in hepatic diseases is, how- 
ever, displayed in the recognition of cholelithiasis. 

Cholelithiasis. — Gall-stones have not been skiagraphed until 
recently. It was the privilege of the author to show the first undis- 
puted skiagraph of gall-stones in the living subject at a meeting of 
the New York County Medical Association in October, 1899. 

As emphasized above, the diffusion of the rays, especially in 
the Hvor, is the main obstacle. The use of the diaphragm obvi- 
ates this to a certain extent, but not sufficiently for the pur- 
pose. The harder the tulx% the l)etter the penetration, but the 
greater the diffusion of the rays. If there l)e little diffusion, the 
bones may be represented well, but the biliary calculi are penetrated 
by the rays to such an extent that they cast no shadow on the plate, 
unless there should be a large amount of calcium, which is rare. 

It is obvious, therefore, that the representation of biliary cal- 
culi had to be expected from a soft tube, or at least from a tube 
the vacuum of which stands at the border-line between softness 
and medium hardness. Such tubes show the osseous tissues 
faint I v, a fact which can be readilv observed in all the successful 
cases of the author. 

Fig. 70 is a striking illustration of this fact. It represents the 
case of a woman of sixty-eight years whose skiagraph shows several 
biliary calculi distinctly, while others are faintly reproduced. 
Cholecystostomy, performed on the following day by the author, 
revealed the presence of 231 small calculi and one larger stone 
which was arrested in the common duct, thus having prevented the 
passage of the smaller sized. The distinctness with which the ribs 
are reproduced proves that the vacuum of the tube employed was 
too high, wherefore it permeated the calculi which were situated 
directlv underneath the focus, while those around it are not so 
well penetrated. 

There is one advantage in the skiagraphy of the contents of 
the gall-bladder over those of the kidney — viz., the possibility of 
bringing the plal(» very near the area to Ik» skiagraphed, the inter- 
vening tissues being a great deal thinner than in the renal region. 

Various Types of Biliary Calculi. — The results, of course, are 
to a great extent deix'ndent on the chemical composition of the 
biliary calculi, which is far more complex than that of urinary 
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concretions. All the different types of calculi (Fig. H) were 
skiagraphed by the author (Fig. T2) (see "On the Detection of 




Calculi in the Liver and Oall-bladdt-r," New York Medical Journal, 
January 20. lillMI). By thie procedure he obtained a visual com- 
parison of their impernicahility. The same calculi were irradiated 
then through the living body, thus praclieaily demonstrating the 
difference in translucency (Fig. 73), 

The common biliary eidculi, llie most frequent type, are found 
to l)e i]uite pcrtneablo to the rays, and therefore produce only a 
light sliadow. If present in large numhon-. the shadow is some- 
what more coiispieiioiiH (Figs. Tl, 72, and 7:1, No. i). Calculi com- 
(losed of pure cholestcrin are less permeable than those of the com- 
mon type, and show a slightly more distinct shadow (see No. 5). 

The stratified cholesterin calculi, on aceonnt of their admix- 
ture with calcium, show much 'ess permeability, and therefore pro- 
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Jiut' a (iistimt skiagraiili (Xos. 1 uiul l'^). Tin: mixed Inlirubin 
i-aU-uli, U'liic'li L-ontaiii truit'c or (-i>|){H'r aixl iron, in iKklilion to tlu- 
liilLniliiii-C'iik-iuiii, art? less {K'nuoalik' t)iiui utl tiie funner variotit'd, 
and coiisctjui.'iitly give a verv distinct t-liadow {So. li). Tlu' wiiiu! 
ajiplit'S to IIk' part! bllinibin-culeiiini cak-idi. 

t'lili-uii (i)in|Kiwd of iinrc biiirubiii-L-iiU-iiini, on account of tlu'ir 
niixtiirf of calcium, r^iiow a larger dctrnH.' of iicrnicaliiiity, and their 
outlines win In- nearly as ilistinctlv shown as thost' of the hiiiruhin- 
caleiiim I'aleiili (No. I). Bill with a good tni.e even the more 
transltiiriit caleiili are sometimes n'presented. Itecently, calculi 
that were tmly the size of a pinhcad have been sliown in the gall- 
bladder, t'alciili iif the hepatic diii-ts have also lx.fn represented. 

The^e resnlts. whiili could formerly hanlly In? ho|H'd for, are 
attrihiited maiidy to tlie excellent quality of the soft tuliis n.sed, 
which )ierinittedof tlie fin|doy men t of a strong current. In fact, the 
most im|"irtaiit rei|uisile for skiagraphie suoee!'!! in snch d<'lienfe 
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work >> a >tninglv hnilt tnU' of a l.>w vai 
a iarg.' Uidmiknrtl' oil. 

It liiis l«-en fimn.I that the s..ft IuIh^s ii 
of hiliavy calculi di>i.lay their k-st enei 
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comparatively new, I^nlcr on llun- show less ooutrast, just like 
very hard tubes, oven if proviclt'il with an attachment for regener- 
ation. If the tul» works well from the bcglnninfi. the average 




time of fxpoKiire fshoiilil he about four niiiiiiti's in thin iniHvid- 
uals, an<] about six in stout caKCi;. 

The position of the patient while being skiagraphed is also an 



important factor. lie should lie on his ahdoincn with about three 
pillowti underneath his clavicles, as the elevation produced iwrmita 



the imilriisjnn of the fTiill-bladdcr, ihus hrinjiinp the calculi 
nearer the photographic plale. The approxiuiation is increased by 
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turning the body slightly to the right and raising the left side. 
A diaphragm fihould always be used {I''ig- 74). 

A pen«l mark should be made on the back to correspond to 
the site of the gull-bladder in front. 

In order to exelude finy possible source of error from inleslinal 





contents, the liowels musl he Ihoroughly evutuak'd before irni- 
dialion. 

■ using this method the size, shape, and diameter of the 
gall-stones can not only be determined in suilable CiiRcs, but Ihey 
can also be loealized. The importance of knowing whether 
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there are also calculi in the liver besides those present in the gall- 
bladder needs no discussion. 

Intrahepatic Calculi. — The presence of calculi in the liver tis- 
sue explains why cholelithiasis is often only partially cured by 
cholecystotomy. This fact shows why calculi have sometimes sur- 
prised the surgeon, who has thoroughly evacuated the gall-blad- 
der, by their appearance a few days after the cholecystotomy. 
That in cholelithiasis sometimes hundreds of calculi are contained 
in the hepatic ducts is a well-known fact, but why calculi appeared 
after cholecystotomy has heretofore been explained only on the 
autopsy table. (See author's monograph: When shall we Operate 
for Cholelithiasis? in the Xew York Medical Journal, May 8, 
1897.) 

Practical Value of Skiagraphy of Biliary Calculi. — It is evi- 
dent that a positive skiagraph renders exploratory laparotomy for 
suspected cholelithiasis unnecessary. It can be ascertained by 
subsequent exposures whether any calculi have been dislodged or 
whether some have escaped. If they are of very large size, their 
removal by other than surgical means would, of course, not be 
expected. So the question whether or not operation is advisable 
in cholelithiasis may be settled by the Rontgen rays. When only 
small stones are present, there is a chance for medical treatment. 
\\Tien stones are found too large to pass the common duct, medical 
treatment can only he palliative, and cholecystotomy should be 
performed as soon as the calculi prove to be a source of irritation 
and danger. 

Deficiencies of the Method. — It is appreciated that the method 
given for diagnosing biliary calculi is incomplete and needs fur- 
ther modification and improvement, as there are many delicate 
technical details on the correct appreciation of which success 
depends. Skiagraphy of biliary calculi is not so perfect a diagnos- 
tic method as that of renal, ureteral, and vesical calculi. While 
a negative result in the case of suspected urinary calculi can now 
be pretty safely taken as evidence of the absence of calculi, pro- 
vided the skiagraph is blameless, the same cannot as yet be said of 
biliary calculi. But, on the other hand, it can safely be asserted 
that even a faint skiagraphic reproduction of biliary calculi 
proves their presence to the expert reader. With increased knowl- 
edge and improved tcchnicjue the skiajrraphic reproduction of bil- 
iary calculi will become a great deal easier. 
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The outlines of the gall-bladder are often shown if there is 
cholelithiasis. On account of the long-eonlinued irritation, the 




FiO, 75.— BJi.lAK( CiLi.'ii.i itwu uf Uiein ue fwrated}. 

bindder wulld beeonie thick and fibroin* and connc<jiiently less per- 
meable to the rays. 

Fig. 75 represents two large faceted ^ll-atones in the 
gall-bladder, and fonr in the vicinity, one probably in the eystic 
duct and three in the intrahepatic ducts. Their elliptic shape, 
their size, and their diameter can be well recognised. The patient, 
a man of forty years, is still in the possession oT his stones, which 
cause only occasional and very flight disturbance, bo that the 
author did not feel justified in persuading him to submit to an 
operation. The patient is the brother of the woman whose large 
biliary calciihis was removed from the left side (see p. 113) ; from 
a sister of this patient the writer also removed two large biliary 
calculi. There arc ten menibcrs of this family in whom cholelithi- 
asis could be diagnosed. 

Fig, 76 shows a targe and two small biliary calculi in a man 
of forty-five years. In this case the large gall-stone is overshad- 
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owed by the rib. If the tulwl vucuum had been slightly lower, 
the outlines would probably also have been more distinct. 

Fig, 77 shows a solitary calculus faintly, while smaller intra- 
hepatic calculi are represented distinctly. Cholecystotoniy per- 
formed by the author a few days after exposure proved the pre»- 




I. Tfl.— TunEB BiLURr Calcum. 



enee of a large calculus ( Fig. 78) in the gnll-liladder. Xo evidence 
waa found of the others in the ducts. This must bo explained by 
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their intrahepatic domicile, which could not be exposed. In 
favour of this assumption wns the extremely severe cholangioitiii 
from which the patient suffered after the operation. The skia- 




graph sliowa the cvtrticteil stone translucent, as it consistetl mainly 
of cholesterin. 

Fig. 79 shows the presence of a huge nunilicr of calculi of 
varioUB sizes. 

It is interesting to observe that a woman of thirty-seven years, 
whose calculi were skingrnphctl three years ago. was re-examined 
recently. Three skiagraphs taken at different times, in different 
positions, showed a negative result. The patient had submitted 
to diet, much better, and the regular administration of Carlsbad 
Muehlhrunn for more than a year, and the result was that the 
tumour in the region of the gall-bladder liad d is;ippearcd. Her 
general condition had also improved accordingly, and no colicky 
attacks were noted during the last eighteen months. One may feel 



jnatified in believing that the negative skiagraph confirmed the 
impreeeion that the etones had passed away. 

KIDNEYS 

The kidney must be skiagraphod in the dorsal position. Tubes 
of moderate hardness arc best for their skiagraphic representation ; 
very hard tubes penetrate the organs and leave no shadow. Renal 
fluoroscopy cannot be relied on with our present means. 

Hydronephrosis and echinococeus cyst can be represented under 
favourable circumstances. The greatest uncfulness of the rays in 
renal disease, however, is displayed in diagnosticating concretions. 
Great credit is due to Mclntyre for having been the first to skia- 
graph renal calculi. Soon afterward Twain, Thyne, Kummell, 
and Uingel, as well as the author, obtained distinct skiagraphic 
representations of nephrolithiasis. 

Naturally such calculi can be represented best which consist 
of hard and firm material, like oxalates, while the more penetrable 
phosphates east an iudiotinct shadow, 
and the translucent urates hardly at all. 
Thus we learn that the success of ski- 
agraphy in calculi of the wrinary tract 
depends largely on the chcniical compo- 
sition of the calculi, and, consc<)uently, 
on their greater or lessiT o|»acitv. Still, 
with the aid of the diaphragm more or 
less marked shadows even of the uratis 
are obtained. The beautiful work of 
Abbe. Bcvan. and Ijconard, all of this 
country, furnish striking illustrations 
of the immense jirogress of this young 
science in the short s|»ac(.' of a few years. 

As to the ttt-hni<|ue of the skiagra- 
phy of renal concretions many of the 
(irincijiles emphasized in connection Fio. T8.— Bii.iahiCau;i'li-s. 
with biliary calculi hold good (see p. 

113). Considering the diffusion of the rays, the use of a dia- 
phragm is iiidisjK'nsable. Thus even small calculi may he repre- 
sented. 

In regard to their chemical composition, it should also be re- 
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nieml>ertMl that a caku)uH may coimifit of diffcri'iit mUi'. In one 
of the author's cases five layers were found, the niieleus mid third 
layer consisting of calcium carbonate, it« brunches of a combina- 




tion of cali-iuin carbonate ami tri|))iogphate, and the outer crystal- 
line layer of carbonate of magnesium and ammonium. 

Under such circumstances the nucleus will be more marked 
if a tube of moderate hardness is used, while the branches will be 
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more conspicuous if a soft one is employed. As a rule, tubes 
should be chosen that are slightly harder than those used for skia- 
graphing biliary calculi. The time of exposure should be four 
minutes in thin and about six minutes in stout individuals. A 
good skiagraphic representation of nephrolithiasis renders an ex- 
ploratory incision unnecessary. It will settle the question of the 
presence or the absence of concretions, and in case an operation is 
indicated, it will give valuable hints as to the technique. 

While, as has Ixvu said above, a negative result cannot he re- 
lied upon in a case of suspected cholelithiasis, a good skiagraphic 
plate which does not show the presence of renal calculi may 
safely be regarded as diagnostically conclusive. Kiimmell veri- 
fied the skiagraphic diagnosis in all cases, the operation proving 
its correctness sixteen times and the auto})sy twice. The charac- 
teristics of a reliable renal skiagraph are that it shows the out- 
lines of the psoas muscle and the lower ribs and the structure of 
the transverse processes. If they show distinctly, a calculus which 
is not smaller than a pea would necessarily also leave its shadow 
on the plate. Very small concretions may be overlooked. But if 
these marks are not distinctly shown, the negative plate must 
never be relied upon. 

When we lx»ar in mind the high mortality of nephrolithiasis 
nt a late stage and how many lives will be saved by early opera- 
tion, the importance of early recognition of the calculi becomes 
evident. 

Nephrolithiasis as well as cholelithiasis is often confounded 
with api)endicitis. It is in the interest of the j)atient as well as in 
that of the medical profession that differentiation is made b(» fore- 
hand, instead of removing the aj)pendix first and then being told, by 
the continuation of the painful attacks, and finally by the passing 
of a calculus, that there was an error loci as far as the field of oper- 
ation is concerned. (Compare author's monographs on Appendi- 
citis, New York Medical .lournal. Novemlx^r 14, 1898, and Wiener 
klinische llundschau, August 2-1 (J, 1903.) 

Fig. 80 shows a large renal calculus in a man of forty-two 
vears. 

It should als(» U' borne in mind that palpation may fail to re- 
veal calculi of moderate size. In such cases fluoroscopy during the 
()l)eration is indicated. A special fluoroscopic arrangement must 
be prepared for such occasions (compare p. 39). The fluoroscopc 
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liliouM be of (»iiiall size, and must be surrounded with sterile 
gauze. 

In interpreting skiagraphs taken for suspected nephrolithiasis, 
it should be borne in mind that under extraordinary fircumstancea 
biliary calculi may be ttiken for calculi of the right kidney. It 
may l)o f^aid, however, that as a rule the shape of Liliarj- calculi is 
different from that of renal concretions; the former are located 
higher up, and do not show so clearly from the back as they do 
from the front. Of course, in those cases in which the shape of 
the kidney is recognizol, the shadow of the renal calculus will 
hardly be misinterpreted. In ease of doubt, an oblique exposure 




Pin. SO.— Renai. 0*1 



may show n renul calculus in the back, while gall-stones would 
appear more in front. 

Tlie shajte of renal calculi is characteristif. Their contours 
are generally well nuirked. Thoy are usually of an irregular shape 
unlike that in biliary cah'uli, projections often IxMUg present. As 
a rule, the renal calculi are detected around the two last rilis. 
alwut 'i inches laterally from the s)iiniil column. Tlie clinical 
symptoms should also Ix' properly considered licfore conclusions 
are drawn. Just as in eholclilhiasis, the skiagra]ihic jiroof of the 
priajence of snuill calculi sliows tJiat much is to l.)c hopeil for from 
medical treatment, while the removal of large calculi cannot Ix' 
expctetl by any other than surgical means. 
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The distance of the tube from the patient's skin in skiagraphic 
representation of the kidney sliould be about 4 inches. Several 
exposures are always necessary. The preliminary exposure should 
comprise a surface the border-line of which is formed by the crista 
ossis ilei and the eleventh rib on one side and by the spinal col- 
umn on the other. This area is marked on the patient's plate 
for future comparison. If the signs of a calculus are found on 
the preliminary plate, the diaphragm is placed above the indicated 
area for better differentiation. Just as in skiagraphs of biliary 
calculi, it is not required that the outlines of renal concretions 
should be so distinct that they can \ye reproduced in print. By 
keeping off the daylight it is often possible for the expert reader 
to detect a calculus which escaped superficial inspection. The plate 
must be studied from various directions, and must not only be held 
in the vertical, but also in the horizontal position. Thus the faint 
contours of a stone are sometimes shown which were overlooked 
bv ordinary examination. 

The advice of an operation should never be based upon the 
result of a Rontgen examination alone. It cannot be rejieated 
too often that the Rontgen rays do not represent a substitute of 
our old standard methods, but are a most valuable addition to 
them. Carelesii interpretations of indistinct skingraphs will only 
discredit it. 

The clinical and chemical methods of examination should al- 
ways be employed in the first place. They must work hand in 
hand with skiagraphy then. The presence of blood and pus-cor- 
puscles in the urine, if not exy)lained ])y infectious diseases or by 
vesical affiK'tions, demands a skiagraphic exposure. 

Skiagraphy of biliary as well as of renal calculi taxes the 
patience of the operator greatly. Whoever does not possess this 
virtue would better concentrate his activity upon other useful 
fields. Sometimes it takes two hours of uninterrupted work to 
obtain a satisfactory reproduction. 

Concretions in TTreter and Bladder. — T'^^reteral and vesical cal- 
culi can be skiagraphed after the same principles. DifHculties arise 
only in stout individuals. A vesical calculus shows best with the 
subject in the recumbent position, the centre of the tube to be 
directed to the up])er margin of the symphysis pubis. Any vesical 
calculus, except it be very small, will surely be evident on a goo<l 
skiagraph. A good skiagraph of the vesical regicm must show the 
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Btructuren of the coccyx well. By oblique irradiation the shadows 
of the calculi arc generally found just below those of the coccyx. 
An oblique exposure should always be made besides, lyecause it may 
show whether tJie stone is free or encysted. If the iwtient henda 
lightly forward in the lateral position, the calculus, if free, sinks 
towanls the antt^rior 
vesical wall and be- 
comes conKpicuous di- 
rectly behind the an- 
terior alKloniinal wall. 
If it is not friH^, it 
usually shows far Itack 
towards the sacrum, 
since encysted calculi 
are nearly always at- 
tached to the poste- 
rior vesical wall. If 
the stone is of very 
large size, or if a great 
number of them are 
present, the whole 
Fio. 81.-Bii.B<TEn H»i.v«s op Veskhi, Caucdlcb. vesieal space is filled 
Ii,;,csTB*TEi> Bv Fias. Hii .nd 83, up an,] displacement 

is not apt to occur. 
So far as the diagnosis of the number, shape, and position of vesi- 
cal calculi is concerned, the Hiintgen rays afford a more valuable 
means than the cystoseope. The time of exposure should be about 
three minutes. A tube of medium hardness is best 

Foreign bodies, such as hair-pins and similar objects, which 
entered the bladder by Ihe urethral route, must lie freqiiently 
looked for by skiagraphic examination. They are soon surrounded 
by incrustations wliich make their recognition so much easier. 

In children the representation of vcNical calculi is especially 
easy, an exposure of a minute's duration generally being sutfidont. 
Fig. 81 shows the bisected halves of a calculus extracted from 
the bladder of a boy of six years. It has an elliptic shape, its 
length being !) and its width fl centimetres, .\lthough the restless 
patient moved considerably, the displacement amounting to a 
whole inch, the shadow of the calculus can Ik' distinctly recognised 
on the plate (Fig. H'i). It appears as consisting of two shadows, 
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however. The exposure only histing half a minute, the density 
of the bones also a|)pearfi weak, 

A later exposure. Fig, 83, shows the calculus very distinctly. 
An obliqne exposure showed the calculus faintly. It seemed to be 
situated above the coccyx. It was assumed that it was impacted 




iIktc, lufiuisc no (iisjihiceinent eimld Ix; iioticod tt-hcii the |>osition 
was changed. Suprapubic cystotomy corroltorated the correctness 
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of thi. asuumplion. The mucous menibraiie ot tlie Hajilcr li.d 
ovcrlappwl thu lakolus to a great extent, so that its removal from 
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Fio. Si.— V 8810*1. Caloolus (Compve Figi. 81 undSJ). 

tlif iliH'p luiiifli wiis coiiiitictcd with i'(iQsid(.Talilo tccliiiifiil liitH- 
cultifs. 

Fig. 84 showa a Inrge vt'sical cak-iiliis in a iimn of seventy ycarB. 

Ureteral calculi are skiagraphed after the same principles. 
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Whether the concretions are in the bladder or in the ureter 
iu soinctinies difficult to BRCcrtain. Kryoseopy, cystoscopy, and 
ureteral probing is a most valuable adjunct in such cases. The 
combined examination aceortains whether there is general func- 
tional dititurbance, or bilateral or unilateral stone- format ion. It 
also shows whether simultaneous lesions of a different nature exist 
besides. 

Forei^ Bodies In the Abdomen. — Jletallie bodies in the abdo- 
ua-n are, of course, easily demonstrated. As niodorii surgery makes 




PlO. B4.— VESICtL CaLCULD» in X HaH or SlTXHTT Ybahb. 



imnu'<liate laparotomy imperative in all bullet wonnds of the abflo- 
mi>n, it may be rcalizeil bow important is skiagraphic localization. 
Tacks and nc<'dlcs can be easily localized. The popularity of the 
Murphy button gives fre<[uent opiKirtunitii-s to observe its char- 
acteristie shadow while it travels through the intestinal tract. 
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Tamoiirs of the Stomach nro rupri'^n table only if their texture 
shows a consiilcrabic dogreo of density. The outlines of the stom- 
ach con he tnapptnl out if the viscus is filled with salts, such as sub- 
nitrate of bismuth, that are inipcrnieabk' to the rays. The intro- 
duction of a soft rubber tube the lumen of which is filled with 
niereury is, however, p referable. A rublier tulx' containing a thin, 
flexible steel wire in a s]>irHl form, as advised by the author, per- 
mits the rapid representation of the outlines of tlie stomach. The 
stoppage of this tube indieatcs its arrival at the large curvature of 
the stomach ami further propulsion shifts if along the wall. There 
the steel spiral is clearly shown by the skiagraph. 

Inflation of the stomach by carbonic-acid gas, air. or a mixture 
of tartaric acid and bicarhonte of soda has also been used to define 
its outlines. The large and small curvatures, ns well as the cardiu, 
can thus be represented. The infantile stomach is espccially 
fit for skiagraphie r<' presentation. In selected cases, the Relations, 
especially the motions of the spiral wire, can be studied by the 
aid of the screen. Tubes of medium 
hardness should Ir' chosen. 

The different phas<'s of diges- 
tion can be studie<l by fliiorosco])ie 
as well as by skiagraphie observation 
after subnitrate of hisninth is swat- 
lowed. The lower animals can also 
be utilized for that pur|Kise. Frogs, 
mice, cats, or guinea-pigs may be 
given a inixlun' of flour, milk, and 
bismiith. Skiagraphie e.vposures, 
ri'|ieat<'d every twenty minutes, can 
then be studied with leisure. 

Spina Bifida.^Tlic diagnosis of 
the various types of spina bifida is 
facilitated by the rays. In speak- 
ing of this malformation in general 
apt to think only of its cys- 
tic form and of its location in the 
lumbo-sncral region. But besides this most common type there 
are several others which require to be distinguisbetl Ih'fore we 
can choose the proper therapy. Thus it cannot be a matter of indif- 
ference whether there is a so-called simple meningocele — in other 




Fig. SS.— Spina Bifida (See Fig. 8B). 



ABDOMEN 



words, a hernia-like protrusion of the pin, rontaining cerebral 
fluid; or a myclouK'iiiiigowic, a fn-qiicnt variety, which is charac- 
terized by the cipinai cord 
expanding itself, like the 
optic nerve in forming 
the retina, around the 
protrusion, anil, together 
with the pia, constitut- 
ing the Btic; or whether 
there is a niyel(>c}rfo- 
cele — that is. a tumour 
caused by cystic dilata- 
tion of the central caniil 
of the spine. 

It is also important 
to discriminalo whether 
the tumour is situiited 
in the cervical, dorsal, 
luml>ar. or sacral region. 
If situated in the cervi- 
cal or dorsal region, the 
cord cannot protrude 
into the hernial siie, as 
it d(M's in the lumbar or 
sacral (mrtion, which cor- 
responds to the end of 
the conl. It is also di- 
simhle to know whether 
there is a hiatus in the 
spinal {.■olumn. and how 

extensive it may he: and, furthermore, whether or not the fluid 
eontainiil hy the tumour can Ix; dislodged into the spinal canal. 

In view of these anatomical distinctions, it will be easily under- 
stood that simple mcningwelc gives (he best chances for cure. 
AVhedier injection treatment or extjr|tiiti"n should be preferred 
is not Vet iigriH'd upon among the profcs.sion. The writer remem- 
bers having cun-d three or four cases of simple meningocele by 
re]teuted as]iirnti<m. followed by the inji>etion of a few grams of 
a lll-pcr-d'nt iiidofonn-glycerin emulsion. He generally prefers 
injection to extirpation, provided the surface of the skin be nor- 
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null. Of coursp. if Ihcrc bp well -(level oped gungronp. or even any 
eonsiderable iiiinisioii nf tlie I'pideniiis, ihcn seplie infection of 




Pia. ST.— Sprii Bifida (SwFig. 88). 



the cyst wail cannot be arreeted unless immediate and extensive 
removal is undertaken. 

On the other hand, myelomeningocele and myelncystoeele offer 
a leas favourable prospect. In these cases the injection treat- 
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mont is alwiiys a failuri'. If in niyclomeninpocole fhc nerves are 
froi'Iy (lifpornt'd in the sac, the area me<luIlariH vaseuloaa, after 
beinfi circiiniciseil, nuist be rcdiieed into the vertebral canal, and 
the union uf tbu twft tisi^ui's above must be reduced in the same 




Antbko-postbrioii Fro- 



If situntcfl in ihe Uiniljo-saeral re^rion, the preservation of 
rvc strin;rs is of but little importance. 
'Myt'liH-vstoi'cle the reiMisitlon should Ix" made in the same 
If ihere be any ojK'niiig in the bone, protection should bo 
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sought by covering it with a strong flap, consisting of integumem 
and muscle. 

One of the greatest difficulties encountered in the treatment 
of spina bifida is that its various typos cannot, as a rule, be de- 
fined before operation. Between meningocele and myelocystocele, 
indeed, distinction is often quite impossible. Sometimes conclu- 
sions may be drawn if an opening of tlie bone can be palpated, or 
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if a portion of the fluid can t)c reduced into the spinal canal by 
pressure. I'aralysis of the lower cstremitieii, of the rectum and 
bladder point to the existence of myelomeningocele; but all these 
signs are far from being absolutely reliable. Considering only 
this one point — that in meningocele aspiration should be tried 
first, while in the other varities extirpation must be resorted to — 
it must be admitted that our deficieney in scientific knowledge 
mnkei! itself rather strongly felt as regards therapy. Some au- 
thors advise opening the lower portions of the tumour first, in 
order to ascertain whether the spinal colunm is open, as in myelo- 
meningocele, or not, as in meningocele. Koenig and Hildebrand 
go so far as to emphasize the necessity to ascertain how the nerve 
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strings are disperticd, by first making a lateral incision into the 
tumour, even after tliey tan state that there is a niyeloiiieningocelo. 

All these proeeihiros, the 
reauon for wliieh no surgeon '" 
would dispute until recently, 
may now be rendered suixT- 
lliiouu by the Kontgcn metliod. 
The skiagrajili shows not only 
wlietluT thert' is an o|ieiiing 
ill the \nm<.; but also tells of 
tile presonci' «"d sometimes 
even of the e.vpiiiii-ion of the 
nerve su list a nee in the sjie. 
FifT. H-"* shows the meninijo- 
fele of a boy of two months. 
In ^'ig. H(l the eommunleating 
oix-'iiinfi in the column ean Ix- 
reeogiiiseil. 

In thos4.' rare eases in 
whieh the jireseiiee of lipoma 
or fibromyoma is in <|uestion, 
it is again the skii]gra|>h whli-h 
jlives the ni^Mied information. i*'-"-"" r«'i'-8, »E.«u>r.o m w.^- 

Fig. HT represents a spei- 
imeii of the hinibo-sjicral tyjH' of spina bifida in a lK>y of five 
wwks. The integrity of the sjiinul column and the cystic cbur- 
jicter <jf the ifintcnts of Ibe sac are a|i|mrent. 

I'ig. an illustrates the same case in antero- 

|K)sterior projwtion. 

^^^^ In this case gangrene of the surface of the 

^4^|k tumour induced llie author to resort to extir- 

■ ^^^ patioii. which verified the correctness of the 

I^^B skiagraph. Had there Ix'cn no gangrene, he 

^^K would have, on the testimony of the skiagraph, 

^^ttl sclectiil the injection treatment. 

^KT Value in Oynecolo^. — The usefulness of 

« the Itiintgcn rays In gyna'ology is still limited. 

-Many trials have l>cen made to nlilain n-pre- 

, ■ scntation of the nlcrns. hut they have always 

or TuKEE Weeks given uiisatisfactorv ri'sults. In a few instances 
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* of the fa-tus hiivi! been 



tliu ^'ravid uIltus iiud the fnint i 
tlotei'tLvl. 

Value in Obstetrics. — In obstetrics the advantages are greater, 

Hince so [iiaiiy iiJiiiorlaiit quef-tioiis hinge on thu condition of the 
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pelvis. Syiniiiotry anil asymmc'try of the pelvis, ankylosis, 
chaugfs it) t]io iliosacnil joiril, and the? leiifith of the various pelvic 




Fig, m.— FiKTrs of Five Months. 
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diameters can be well sliown. Fig. 89 illustrates the elliptical 
shape of the rhachitic pelvis in a woman of twenty-two years. 
The deformity explains fully why she could never be confined in 
a normal way. A successful Ca?sarean section has been performed 
on her. 

If the exposures are made strictly under the same conditions, 
the tube being at the same distance from the plate and in the ex- 
act perpendicular direction, the measures of the conjugata vera, 
the introitus pelvis, and the transverse diameters can also be re- 
lied on. 

After symphysiotomy it can be ascertained whether any dias- 
tasis of the pubic bones has remained. In case there is proof of 
the existence of considerable diastasis, a second operation may 
be avoided. The different phases of development of the fwtus 
may be studied by Figs. 90-94. (As to Osteomalacia, see respective 
section, Chapter XIII.) 



CHAPTER X 
PELVIS AND LOWER EXTREMITY 

Pelvii. — The technical difficulties encountered in skiagraphing 
the abdomen are also obwerved in the representation of the pelvia. 
The fact that soft tissues of considerable thickness must be over- 
come explains why there is diffusion of the rays. 

If the pelvis is skiagraphcd in toio, structural details cannot 
be obtained. For the representation of malformations and other 
pelvic abnormalities a general view is perfectly sufficient. The 
same can be said of pelvic deformities due to congenital disloca- 
tion of the hip or to coxitis of old standing, the latter generally 
being associated with atrophic changes, (Compare Chapter XIII, 
section on Osseous Atrophy.) 

Examination of the pelvis is best done in the perpendicular 
direction, the tube being held as near as possible and the sym- 
physis ordinarily being regarded as the centre. A dorsal as well 
as an abdominal exposure is necessary as a rule. In children soft 
tubes must be chosen, the time of exposure not being longer than 
two minutes. The best position of the body is when the legs are 
slightly inverted, heavy sand-bags supporting them. When the 
patient is in the abdominal position the dorsum pedis must also be 
supported by a sand-bag. Fractures of the pelvis can be recog- 
nised, and by the location of displae(>d splinters a conclusion can 
be drawn as to possible injuries of the intrapelvic organs. If 
structural details are wanted, the use of the diaphragm is indis- 
pensable. If the author's diaphragm is used, its centre must be 4 
inches below the umbilicus. The iliac arteries show markedly in 
case of calcareous degeneration. 

In exstrophy of the bladder skiagraphing may succeed in dem- 
onstrating the extent of the symphyseal gap, and furthermore the 
result of a plastic operation. 

Congenital Diiloostioii of the Hip. — la the treatment of con- 
genital dislocation of the hip skiagraphic evidence will influence 
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tlu! iilaii of Irciitiiifiit. Till- [insilimi of tliv fcirioral lu'ail and the 
size fiiiii r!liii|H' of tlu- iiiotuliiiluiiL nn- well rcLOfriiisi-il. If llu' coinli- 
tioii of the jii-vt:i1iiiliiiii is iinfiiviiiiralili-. Iiloodli-ss rciliK'tion i^Iiotilil 
not 1h> iitti'iiiptcil, anil a cutting oix-nitiiin niUMt Ix' ]K>rforiti(il. 

Tlie skiiifinnili al.-<> slmivs wIu'IIkt rciliutioii of si ilisliicatod Iiip 
hac lifon suft'L'«- fully fffeiied or not It is true that after perfect 



ff 



mliii'lioii llif liciiil of llio femur can Im- fi'h 1k.-Ihwii tlio spino and 
111.' >yiti]ili>>is in 111.- niajoriiy of .■as.-, api.l also lliat 111.- clmrac- 
t.-ri>ti.- n..i>.' .iiii 1,1- [MT.civ...l wliil.' 111.- Ii.-a.l is sliilin;; over the 
Kiiirfiiii "f llu- an-talmjimi, llui. ..ii ih.- olli.-r liaii.I. it i-aiinot Ik- 
ileni.-.i ihal ill.- Moi-,. i;; .,fi,-ri in.liMiii,.t. ini.l ibit llie ihii-km-ss 
of llie iiiiiMJ.-s ..fiiimi-s imjiiiirs our jitil;;iii.-iil. so thai it is Ihc 
bkiiigrapli tJiat ;iiv.-:i inclispiiiahle iiiforinati.iii. l-'ifj. !•") shows 
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congenital dislocation of both hips in a girl of two and a half years. 
The skiagraph proves the moderate extent of the dislocation, which 




Fici. mi.-Ci.N(iKsiTAL l)isr,.icATioN (IP Lei't Hif TN * Dov or Fouii Vl 
llir.rit Uii' BCiMi Xi'iiMii.. 

justified constTvativL' measures — viz., bloodless reduction. This 
was done under ansesthesin, and the result after three years' treat- 
ment is entirely satisfactopy. 

Fig- 96 illiistrntes the case of a boy of four years who suffered 
from congenital dislocation of the left hip. Reduction was per- 
formed by Professor I^orenz, of Vienna, at St. Mark's Hospital, 
the skiagraph promising a favourable course in advance. Recov- 
ery was perfect. 

Fig. 97 illustrates unilateral congenital dislocation in a girl of 
seventeen years. The acetabulum proves to be well formed. The 
uge of the |)attent, of course, was not in favour of bloodless reposi- 
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tion, eo that division of the muscles and permanent extension was 
ri'sorted to. Tlie result is good. 

Inflammatory Procesaei in the Hip. — At tlie early stagu ot in- 
flammatory processHW in the hip- joint a correct diagnosis is of ut- 




niimt importance. In doubtful fuses the rays will determine whether 
Kimple, traumatie, or tuberculous coxitis (Fi;;, 98) is present. In 
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view of the great differeneo in treatment, the immenee importance 
of a positive diagnosis is evident. It is always advisable to skia- 
graph both hips, so that the healthy and diseased side can be com- 




FlO. 08.— TCBEKCULOUS HiP-JOlNT. 



pared. After a general view is obtained the diaphragm must be 
used for the better recognition of structural detailn. 

In a normal hip-joint there is a regular semi circular light 
area between the femoral head and the acctahnluin, while in a tu- 
berculous hip the articular outlines, instead of being regular and 
marked, are irregular and diffuse. In the beginning of the proc- 
ess, however, these signs may be overlooked. Slight prsjections of 
the femoral head are often found at an early stage and indicate 
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the presence of fungous granulations. Ijater, cheesy foci in the 
acetabulum, the head, the neck, and the trochanter major can often 
be detected. Such processes must be differentiated from osteo- 
myelitic foci, which have originated within the bone and grad- 
ually entered the joint. After the healing process is completed, 
the degree of atrophy of the femur and the extent of the anky- 
losis can be well studied. Osteomyelitic foci and sequestra are 
naturally well shown. (Compare section on Osteomyelitis, Chap- 
ter XIII.) 

Arthritis Deformans Coxse is characterized by the skiagraphic 
representation of osseous proliferations from the articular outlines 
of the head of the femur, the shape of which sometimes reminds 
one of a papilloma. (Compare section on Arthritis, Chapter XIII.) 

FEMUR 

It is acknowledged that in differentiating between fracture of 
the acetabular margin or of the neck of the femur and dislocation 
and contusion of the hip, grave errors were formerly committed 
by the test surgical authorities. The Rontgen rays have made 
it possible to avoid these embarrassing errors. Especially has 
fracture of the acetabular margin, with its bad functional prog- 
nosis, seldom been diagnosed before the advent of the rays, frac- 
ture of the neck of the femur generally having been assumed. On 
the strength of skiagraphic information the author was able to 
remove acetabular splinters with safety, thus restoring functional 
ability in two instances. 

The rays also show that a sharp line of distinction l)etween 
intracapsular and extracapsular fracture of tlie neck of the femur 
cannot be drawn, and that in the so-called extracapsular variety 
the fracture line generally extends into the intracapsular region, 
and conversely that in intracapsular fracture the fracture line 
often extends somewhat outside the joint. The principles of 
treatment must be modified accordingly. 

The skiagraphic proof of the presence of impaction implies the 
omissions of many manipulations, and suggests immediate im- 
mol)ilization in the impacted position. 

The diagnosis of isolated fracture of the trochanter major 
will also no longer be confounded with contusion. 

Fig. 99 shows fracture of the neck of the femur in a girl of 
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fourlten vears. It is inlerceting to note the transverse [wsition of 
tile Cragmont, while tlie normal femora! neck of the healthy side 
shows a longiludinul dirwtion. 

Fracture of the femoral din pli ysis can be easily diagnosticated 
aa such without the aid of the Rontgen rays. IStill, in view uf the 




well-known lendeney of displacement, ri'cognition of the exact rc- 
Uifione of the broken fragnients is of great practical importance. 
After rc|)06ition is accomplished and an immobilizing dressing 
applied, it is advisable to ascertain by skiagraphic examination 
whether apposition is perfect. One is often snrprisod about this 
aberration, the fragments still being displaced to one side or an- 
other. Then there is still enongh time to correct after the dress- 
ing is again rcmoveil. (Sec Chapter XVI on Corrections.) 

The necessity of always taking two skiagraphs in different 
projection pianos is also illustrated l>y Figs. 33 and 31. The 
frontal skiagraph, Fig. 33, represents the fracture of a boy of seven 
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years siisitainpd seven weeks boftire being ekiagraphed. It nhows 
angular tlefornity rniiy, whieh would suggest no other correct- 
ing procedure than inward ])res¥urc. But Fig. 34. taken in the 
dorsal portion, shows nialunion, the fragments overlapping each 
other. A condition of this kind would certainly not be corrected 
by such simple interference. 

The direction of the fragments also suggested the direction of 
the force which had to be alongside and parallel to them. This 
was accomplished by placing the anaesthetized patient at the edge 
of the table where manual force sufficed to separate the fragments. 




Neckosis. (8«c tv 101.) 



so that the lower one eould !» pulled downward into proper .ip]>o- 
sition. HiKiivery was jR'rfect, nii shortening lieing present. If 
this proi-cduri' had been un success fid, sejiarntion by the ehisci 
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would have been resorted to. Ab to the queGtion of translucency in 
this case, see p. 5'Z. 

Fig. 100 illustrates the case of a boy of eeven years who was 
thrown from the roof of a six-etory house, the wash-lines in the 
yard fortunately diininitihing the force of the fall. He sus- 
tained a compound fracture at the upper third of the femur, and 
was discharged from (he hospital four months after the accident, 
_ When the author saw the patient for 

jHj^^^ the first time there was still disturbance 

^> ^^T^Mt of function, and a fistula in the middle 

^^""■^''^^B of the thigh discharged a moderate 
amount of pus. The skiagraph revealed 
the presence of four lone-splinters, 
three Ix'ing exfoliated from the cortex 
and one lying in its coffin in the cen- 
tre. Their removal under the guidance 
of the niys was a matter of ease, be- 
cause their size, slia|)e {Fig- 101), and 
position could be asc'crtained before- 
hand. Thus the exact direction as well 
as the length of tlie incision could also 
be determined. 

The large splinter, which is recog- 
nised as exfoliating from the outer as- 
pect of the femur, could be felt on 
introducing the probe, but nothing 
[xjinted to the ]»resence of the other 
splinters. Without the Rontgen method 
the author would probably have been 
satisfied with the extraction of this 
large splinter, and might not have 
thought of the probability of the presence of the other sequestra 
until the continuation of the suppuration would have called his 
attention upon so deplorable a fact. And this might not have 
occurred until months afterward, while under the present favour- 
able circumstances recovery was perfect after six weeks. 

Femoral Aneurysm. — In studying the current literature on this 
subject one gets the impression that the diagnosis of femoral aneu- 
rysm is very easy. It is true that in the majority of cases the symp- 
toms are well marked, and the diagnosis can be made on simple 
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inspection. But in some instances, as the following case will show, 
the greatest diagnostic difficulties may be offered. 

The patient, a healthy man of sixty-nine years, was struck 
heavily by an iron bar at the lower third of his left thigh three 
years before being examined first by the author. He was laid up 
for several weeks, constant pain being present in this region. 
Later the pain was supposed to be rheumatic, until the patient 
noticed a tumour of the size of a lemon in the same area, which 
gradually increased, the pain sometimes being intense. The sur- 
face of the tumour becoming red and tender, slight fluctuation 
also being assumed at several places, the development of an abscess 
was thought of. Immobilization and fomentations reduced the 
inflammatory signs and the swelling decreased somewhat. 

When the author saw the patient for the first time he found a 
very large, well-defined ovoid tumour of extreme hardness, a 
small area of it only appearing clastic. There was not the slight- 
est sign of pulsation within the extent of the tumour, which 
reached from the internal femoral condyle up to the groin. Noth- 
ing abnormal could be detected at the lower leg or foot. 

There had been slight fever as long as the inflammatory proc- 
ess had lasted, but now the temperature was normal and the pulse 
84. Considering the seat, the slow growth, the immobility, the 
bone-like hardness, and the entire absence of pulsation in the 
tumour, the author thought that the favourite neoplasm of this 
region might be present — viz., the osteosarcoma, originating from 
the femoral epiphysis. This could have meant disarticulation of 
the diseased extremity. But before resolving on such a grave 
suggestion the author determined to consult the Rontgen rays. 
The skiagraph revealed the absolute integrity of the femur, thus 
excluding the possibility of osteosarcoma. Exploratory aspira- 
tions yielded blood, the microscopical examination of which 
showed nothing extraordinary. Echinococcus appeared to be im- 
probable, in view of its extremely rare occurrence in this country. 
Osteomyelitis could be excluded definitely on the basis of the his- 
tory. In osteomyelitis, because of its transparency, a focus would 
also have shown itself on the skiagraphic plate, and the same 
would be true in the case of necrosis. 

There was, however, the possibility of a sarcoma of the sheath 
of the femoral artery, or of a fibroma, originating from the inter- 
muscular tissue and fascia, or of an angiolipoma. 
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In view of these diagnostic uncertainties, (lie author thought 
it best to resort to an exploratory incision in order to expect a 
portion of the tumour for microscopical examination. 

After making an incision alongside the inner margin of the 
sartoriuB muscle, the fibres of the vastus internus muscle were 
divided with great care. But in spite of these precautions, a jet of 
arterial blood sprang up, and now the riddle was solved. A large 
femoral aneurysm was situated above the adductor. By forcible 
pressure the hfemorrhage was stopped until Esmarch's bandage 
a applied, and the author Hgated the femoral artery in Scarpa's 




triangle. The large sac. which was i>ntire!y filled up by fibrin-clota, 
was now exsected. 

It seems probable that the aneurysm waa of traumatic origin, 
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dating from the injury sustained three years ago. The arterial 
walls having been squeezed and partially crushed, the artery 
became dilated; and from the enormous thickening of the sac it 
would seem that this 
dilatation was followed 
by abundant cell-prolif- 
eration in the arterial 
walls and their vicinity. 
There was also an enor- 
mous amount of pale 
fibrin in tough layers. 
One of the fibrin clots 
showed the circulatory 
channel, the calibre of 
which was much small- 
er than that of a nor- 
mal femoral artery. All 
these points would ac- 
count for the absence of 
pulsation. 

While in this case 
the RiJntgen rays failed 
to give any positive i 
formation as to the 
character of the tu- 
mour, the shadow caused by the aneurysm being so slight that 
interpretation would have been hazardous, they were of great value 
inasmuch as they excluded several possibilities — viz., osteoma, 
osteochondroma, and osteosarcoma. (As to Osteosarcoma and 
Syphilis, see Chapter XIII.) 

Fig. 102 illustrates a popliteal aneurysm in a man of fifty years 
who had sustained an injury of the popliteal space three years 
before being skiagraphed. The outlines of the large sac are not 
very marked, but could still be recognised. Most of the details 
are lost in the reproduction. At the inner margin a phlcbolith 
is shown. The tumour did not pulsate at all. It was only on 
auscultation that a bruit was observed. The thickness of the 
sac (Fig. 103), as shown after extirpation, explains this rare phe- 
nomenon. 
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KNEE-.JOINT 



A good skiagraph nf tlie Vnoo-jnint (Fig. 10-1) illustrates its 
anatomical relations better than any of the illustrations in thi; text- 
books on anatomy, no matter how beautiful they may appear. 
Being the frequent seat of simple na well as of traumatic and 
tuberculous inflammations, it offers many opportunities for skia- 
grnphic differentiation. Recognition of the various injuries of 
the knee-joint hiis become much easier, since we are able to show 




even a displacement of one of the menisci tibias. Floating bodies 
in the knees can be located and calcification of the popliteal artery 
is easily recognised. 
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Patella. — Wliile the ilingnosia of a fracture of the patella by the 
ordinary method jb easy, as a rule, tliere are instances re[Kirted in 
which contusion or impaction has been assumed. But the skia- 
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WiBnra. 



f;ru|ih has revealed the preseiKe <)f multiple fractures. It ia true, 
that if the injury is examined jnst after the fracture occurred, 
c-rcpilMs is jicnerally produced, but iifterward the intervention of 
hiood-elots Ix'tween the fragments preventH its production. 

If the [N-Tiosteal coat of the patella remained intact there is no 
displacement, and consequently no crepitus. The same rule ap- 
plies ti> fracture of a small portion of the patella. 

It is evident that in case of extreme extravasation, when, for 
instance. Ihc pncpjilcllar bursa* are distended by coagula, palpa- 
tion of llie fragments becomes so difficult that the injury may be 
taken for contusion of the knee-joint. 
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With few esceptions union in transverse fraet\ire of tht; pa- 
tella, if not putured, fails to become osse^iis, fil^rnn- \<nm\- filling 
up the gap between the fragments. In siR-h :in t-vfiit iln' I'linetion 
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of the joint is iiupfiired — inability tn [lerforra estension and 
thorough fii'xioii. ronsidorable atrophy of the muscles and greater 
or lei-!«?r degree of kiioek-kiiee being the predominating eyniptome. 
While those patii'uts who follow a light occupation may not be 
incapacitated and can carr>- their hnrden with the aid of a knee- 
rap, working men are deprived of their means of making a living 
by not possessing the use of their limb. This ehows how impor- 
tant it is, when the qui-stinn of an operation turns np, to have an 
exact anntoni!c representation of the area involved — in other 
words, a good skiagraph. 
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Whether an indtntiited plasliT-of-l'iiris dressing will in cases 
of little or no diastasis sdHit-c to hold the frafimenls togetlier, 
will heet be determined on the basis of a skiagraph. And, fur- 
tliemioro, whether this mode of innnobilization was sueeessful in 
keeping the fragnicnts in apposition will l»c asoertained hy skia- 
graphie esaminalion made thrnujrh llie phister-or-Taris dressing 
theroafter. This indentated drewing consists in applying the 
pliistLT handages around the snrgoon's fingers, while the dis]»laeed 
fragment is tightly gras{H.'d and ptished down hy an assistant. 
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Thus a wati is formed around the digital impressi<ms, which, after 
U'eoining dry. holds the redni-<'d fragments In |>Iace. 

Whenever npjiosition hy tins l)loodIess method is tried in vain, 
wiring should he performed, Tliis is done by introducing a long 



158 THE RONTGEN RAYS 

and strong needle armed with silver wire into the quadriceps ten- 
don just above the patellar margin and through the patellar liga- 
ment on the lower margin of the lower fragment, the wire being 
twisted above the middle of the 
^^^■^^^^^^^B^^ ';^ fracture and its ends pro- 

^^^^^^^^^^^^^^r truding through the suture 

^I^^^^^^^^^^B the 

' ^^^^^^^^^^ could be ob^icrved by the 

^^^^^^^^^^H thanks to the Ronlgen 

t ^^^^^^^^^^^V method, an early stage, 

& ^^^^^^^^^^^B tlic fragments became separated 

f ^^^^^^^^^^H liecause muscular traction broke 

I ^^^^^^^^Bk the wire. This observation makes 

I ^^^^^^^^V it imperative to select very strong 

I ~^^^^^^V wire for this special purpose. Fig. 

k ^^^k^^^^^H 105 illustrates a case in which the 

^^^^^^^^^^^H fragment outward because 

Fia lo&^NoB-^L 8w.«oi,> OF ^I'c wire broke throe weeks after 
thbSemitwdiiiosus MnscLt the ojwration. 

Fig. lOi; illustrates the im- 
mense diastasis of llie fragments in a man of fifty years who sus- 
tained the fracture twenty years ago. His walking was rendered 
uncertain so that he slipjwd repeatedly, which resulted in a fract- 
ure of both wrists, the humerus, and several ribs at various in- 
tervals. 

Fig. 107 shows a considerable gap caused by a transverse- 
fracture of the patella, in a man of thirty-two years. The pa- 
tient was a letter-carrier and when showed the skiagraph he real- 
ized fully that for the thorough restoration of the function wiring 
was necessary, the diasiasis being too large to lie overcome by an 
indentated dressing. The results of these operations are always 
good, provided thorough aseptic precautions are taken and the 
hands kept off the tissues. 

Regarding the popliteal space, it must l)c borne in mind that 
a well-defined shadow sometimes shows in it which might be taken 
for a bone fragment or a foreign body, but which in reality is a 
normal sesamoid of the semitendinous muscle (see Fig. lOS). This 
seeamoid is found in about 8 per cent of all persons examined. 

As to phleboliths, compare Fig. 102, 

Differentiation between bony and fibrous ankylosis is now easy. 
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This is most iiniM)rtanl, since btdiy niikjlotiis can be remedied 
only by F«]>urntioii by a cbi.«cl, wliilo in fibrous ankylosis forcible 
motions may be n-sorted to. Fig. 109 illustrates a cam; of os^-ous 
ankylosis, which did not st.'eni to be a favourable object for oper- 
ation. 

In fiibcrcnlosis of (he knee the progress of healing can be 
observc<l by llic rays after resection as well as after the injection 
of iodoforni f-Iyccritie. While a normal knee-joint kIiows marked 
rcgiiliirity of ilie outlines of the artieiibir -iurfaces. the contiiurs 
of a tiilx'reulous knee a[i[M'ar irregular and diffuse, and llie inter- 
artieular gap is enlarged, loiter, when ebct^sy fo^-i have formed, 
their areas iK'cniue transliU'cnt. The cartilage is sometimes en- 
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lirply destroyed and [irodiiccs no shadow. As to further details, 
e..inj.an' seclii.n on Tuberculosis, fhai.ler XML 

Thi' twst skiagrajihs are, as a rule, obtaiiu'd in the bitenil posi- 
tion, the external condyle reslin^r tm the pliile. The dorsum must 
Ix" well supported during this procedure. As a rule an c.vposure of 
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two minutes is siilTicicnt in an adult. To show details, the use of 
the diaphragm is necessary, by which the outlines of the joint, the 
interarfiiular space, the eminentiae intercondylicie, and the con- 
dyles are well represented. The [>atellar ligament and the infra- 
patellar and supi'a patellar bursie must also be recognised. 

No attempt should be made to remove a foreign body before 
skiagraphic evidence is furnished. How disappointing it will 
often be if this advice is disregarded, is illustrated by the case 
of a man of tweniy years who was shot in the middle of the right 
femur. SufTcrin" considerable pain along the thigh, bo demanded 
the immeiliale removal of the IniUel. It seems pardonable in this 
ease that the family physician should attempt to extract the bullet 
without the aid of the Hontgen rays. Ho was punished, however, 
for his adventurous atitnipt. Although the soft tissues were ex- 
posed to a great exleiit, from the middle of the thigh down to the 
knee, he could not find the bullet. When a skiagraph was taken 
at last, the bullet was loi'ated in the knee-joint near the popliteal 
space. Extraction could then be jK'rformed in a few minutes, a 
small incision having proTe<l to be suPfieient for the purpose. 
While llicre was no reaction within the knee-joint, the patient had 
to suffer for weeks from the large gaping wound of his thigh, 
which was the result of the futile and prolonged searching. 

It is a deplorable fact that this moihis operandi still corre- 
sponds to the every-ilay routine of a number of surgeons. 



LEG 

When we realize that fractures of the leg constitute about 16 
per cent of all fractures, and that they show a great tendency to 
displacement, the importance of the Rontgen rays as a controlling 
means during treatment boeomes evident at once. Fig. 110 illus- 
trates an oblique fracture of the tibia in a boy of ten years, show- 
ing slight axial displacement only, which suggeste<l a small degree 
of downward pressure on the anterior asjwct of the tibia. 

Fig. Ill illustrates the same type of fracture in a boy of eight 
years. There is a moderate degree of angular displacement, and 
the considerable gaping at the anterior side suggests forcible down- 
ward pressure. 

Fig. 112 illustrates that type which is called fracture a la bee 
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de fliite in a b»)y of nine years. Tlic skiagraph siiggefilwl Biinple 
immobilization, sintc tlicre wore no signs of displacement. 

As to the necessity of taking two skiajiraphs in different projec- 
tion plans, see Chapter XVII on the Medico-Legal Aspects of the 
Rontgen Rays (Figs. 25!l, S«0). 

The presence and cxtcTit of osteomyelitis, an frequently found 
in the tibia, can be diagnoiied by the raj's, the focus of the die- 




I 



ease always appearing well marked. The ease and security with 
which operative procedures in these cases can he carried out 
under the control of the rays cannot iw loo strongly emphasized. 
Juut as in osteomyelitis of the femur and humerus it was deemed 
advisable in former years to chisel up the whole length of the 
12 
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bone in order to be sure that every possible focus had really 
been reached. Now the skiagraph shows the lenjfth of 'he inci- 
sion that is necessary for a thorougli removal. It is nnturally 
easier to re|)rfS('nt tin.' foci 
in the lihiii than in the 
fcnnir. Perioslcal prolif- 
erationt! are i's[K'cially well 
shown at the tibia. 

In cases of nial-imion, 
the rays indicate the nioile 
of correction, thus siin- 
piifyinjr n hillierto com- 
pliciileil procedure. The 
arrest of {rrowth (if the 
tiiiia after opcratioiit; for 
necrosis can In' well sttid- 
ieil. Rachitis and tuli.-r- 
culosis also olfer a wiile 
field for sUnly in this re- 
gion. See cbii)»tcr on 
these special diseases 
(Chapler Mil). 

at the 
; at the 
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tell 



upper 

lower end of the tibial epiphysij: are not of infrcipieut occurrence. 
They are confounded sometimes with osteusanoKia — a most un- 
fortunate accident, indeed, since it wnuld u.sually m<'an unneces- 
sary amputation. -\s will 1h' cniphasi/ed in tlic chapter on Oi-scous 
cysts, the outlines of the bone in iwlcosarcorna are umrc or less 
irregular and indefinite, some areas even upix'aring entirely Iraus- 
lucent; while in ossemis cysts the corlc.v iii>pcni's ihiii mul narrow, 
but well marked and regular. The fluid centre of the hone is en- 
tirely translucent, the light shadow showintr the same regiUarily. 
The adjacent epiphyses are normal. 

The principles of examining the leg by Ihe Riintgen method 
are essentially the same as those observed in stndying Ibc thigh. 
For tcxtnral details the use of the dia|ibrHgm is recoimueuded. 

The Aflkle-Joint and its vicinity are frc(|ucntly the si'at of in- 
guriea and diseases of various kinds. The history of ibc faulty 
diagnosis in this region would fill many volumes. Xowadajs, 
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differentiation between fracture, dislocation, distortion, contusion, 
and inflammatory prooesses is not only easy, but the mode of repo- 
sition as well as of the after-treatment is also materially influenced 
by the skiagraphie flniliii^. 

If in the much-dreaded malleolar fracture the Rbntgen rays 
show the direction of the fragment to be upward, downward 
pressure must naturally be used by the surgeon, and rice versa. If 
the direction of the fragment is lateral, sideward pressure is indi- 
cated. After n'iM)sition is 
accompli shell a jdaster-of- 
Pnris dressing is applied 
in proportion to the ten- 
dency to displaeement. 
(Sec I-'ig. li:{.) As al- 
luded fo Iwfore, the screen 
or skiagraph indicnt<'s, 
then, whether reposition 
was perfect or not. If 
ini]»erfect, the dressing 
nnist l)e removed and the 
position corrected. The 
character of the mistake 
made tn'ing recognised 
now, projRT re[K)sition 
can be ex[H'ctcd with a 
greater itegrw of prol>- 
ability. But if the sur- 
geon hiis failed again, he 
must change hii! dressing 
until the Itiintgen guide 
shows him that he lias 
succeeded in his efforts 
at reduction. 

The text-books gcncr- j,,^. ii8.-Fb*cium i l* Bec m Plcte of 
iilly speak of one kind th* Tibia m a Bor of Nini Ykah*. 

of displacement o n 1 y. 

That such information is insufficient is proved iiy the BiJntgen 
rays. Fig, 114. for instance, represents a Pott's fracture in a 
woman of (liirty-fivc years. The fact that the internal as well 
as the external malleolus was fractured had been ascertained be- 
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fore the Riintgoii rays gave <k'tailed information, since oecliymosis, 

intense pain, crepitus, and aljnormal lateral mobility at the ankle 
wore present. 

The author was taught that reduction is liost accomplished in 
such cases by pushing the calcaneuni inward and forward. He has 
been surprised that in ppite of carefully controlling the after- 
treatment, which consisted in the appU- 
D cation of a Dupuytren's splint, an unsat- 
isfactory result was obtained in most of 
bis cases. Finding undue prominences 
around or Ik'Iow the malleoli, ho consoled 
himself that there was excessive callus 
fm-uiatinn. 
The Rijntgen rays have shown the fal- 
lacy of such Ibeories, What wo so readily 
used to term callous proliferation was 
nnthinf:; else but a projecting piece of 
biiiic-fragincut, adherent in a displaced 



Skiagraph 114 shows that while the 
(ibuhir fragment is laterally displaced, the 
tibial is directed downward. Xaturally, 
ward pressure upon the fibular frag- 
ment must put it into iwrfoot apposi- 
tion. But the tibial fragment could not 
he reduced laterally because it would meet 
an oltstacle in the astragalus, to which 
descended. But even if there was 
roally no obstacle, the fragment could not 
\k pushed into its normal position by 
U'ing pressed inwardly Iwpcause of its 
dcscension. The skiagraph, by showing 
us the downward displacement of the fragment, tells us dis- 
tinctly that proper reduction can be accomplished by ascension 
only — in other words, by pressure in the upward direction. It is 
only thus that the widening of the mortise is prevented and the 
normal arch restored. 

The immobilizing dressing must be applied after the same 
principles. In this case the foot was immobilized after being 
turned inward in club-foot shape, because this position permitted 
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of i!«-onsion — iti other worOs, of tlic tlionnifih mlnplion of the 
internal friiginent to the tihiii, ns the rayw iirovcd. 
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Xo <irtwiiip uot-oiiipIislicH the purpose of retaininj; the frag- 
iiionls iH'tttT tliiin piaster of I'uris, since it luliiptt: itself ti> llie 
contours of tlic liinli in iiiiv do^in-d sliajK- or direction. The plas- 
ter-of- Paris ilrcssin-j 
may be applied at 
once, proviiicd tliere 
is thorough n'(Hisi- 
tion. 

From this exiK-ri- 
eine we h':irn that tlie 
proper treatment of 
this type, just like 
many ntJicr fnietun'S, 
is hiise<l npon iiiilivid- 
iiiiliiiiitian. Ami this 
can very seldom Im" 
earned out ivithmil 
resortinfT to applica- 
tion of the Kinitgon 
nivs. 

* Tn ihe eas.' of a 
Imy of twelve years. 
illnstnile<l by Fip:. 
11.'.. it was the tibial 
frnjrinent only which 
was disjihiced. He]>o- 
siiiim was aeeo m- 
[ilished after the prin- 
ciples emphasised in 
i>. t li (' <'a se just do- 

scribed. There was 
rt'hich. as the slviajiniph. taken two weeks 
as well eurrected. 

to take at least two skiajrraplis in two 
es is illuslraied by Fi.ns. IKi and lU, 
which represent a Potfs frarture associated with enormous dis- 
jdacement in a man of forty years. Fijr. ll'i shows the fra<'tured 
internal malleolus very distinctly, while the fibular fragnient is 
veiled. .\t ihe same liiiie backward displacement nf (he foot ap- 
pears well marked. Ouriug the exposure the exlenial surfaec of 
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considerable descensio 

after reduction, sllow^ 

How important it 

diflferent projection p 
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the foot rested on the plate. Fig. 117 taken in slightly oblique 
an tero- posterior direction, the posterior aspect of the leg resting 
on the plate, does not indicate the enormous backward displace- 
ment of the foot, but shows both fragments markedly. In other 
words, the deficiency of Fig. IIG consists in not showing the exter- 
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luil malleolus well t-iiougli, while Fig. 117 f;tils to indicate 
the hafkwurd displacement nf the foot. On the other hand, each 
skiagraph shows one part of the injury bettor than the other, 
therchv gupplenicnting eadi other. 

In former years Ihc author would not have thought that he 
could succeed under such aggravatiug circumstances in gelling 




a good tuuetional result, while with the Riintgen guide rcpoBitinn 
was not only accomplished without the useof an aniesthetic, but the 
functional result was also blameless. As is evident from the obser- 
vation of the cases dcBeribed, the ankle-joint must always be ex- 
amined in different positions. To obtain a good antero-poeterior 
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view the use of the diaphragm is necessary (see Fig. 25). This 
is best accomplished wliile the patient assumes the recumbent posi- 
tion. Or a board, like the well-known Volkmann's resection splint, 
may support the planta pedis in this position. With a gauze band- 
age the foot is fastened to this plantar support. Sometimes an Es- 
march bandage is preferable for thorough immobilization during 
the exposure. Sand-bags must be placed then around the ankle- 
joint as well as the knee. The time of exposure should be two to 
two and a half minutes. In the lateral position a good skiagraph 
can be obtained without such preliminaries, but it must be consid- 
ered that a representation in this position is far less important 
than tliat in antero-posterior projection, as far as the proper an- 
alysis of the ankle-joint is concerned. The time of exposure in the 
lateral ])osition may be somewhat less than two minutes. 

The healing process, after operation for pes equinovarus and 
valgus, can be easily studied and influenced accordingly. Most 
cases of so-called distortion prove to Ix? fractures pure and simple 
when looked at by means of the " Rontgen eye-glass." Sometimes 
very small splinters are represented which are severed from the 
bone surface. They are embedded in bloody effusion, which pre- 
vents their recognition by palpation, so that naturally a diagnosis 
of " sprain " is made. Alassage can seldom be borne by the pa- 
tient, because the friction caused by this treatment presses the 
sharp splinters forcibly against the injured bone. The patient 
will, on the other hand, be comfortable if treated after the general 
principles of fracture treatment — i. e., immobilization. 

If there are no little bone fragments, but only haematoma from 
lacerated tissue, massage is the treatment jxir excellence, of course, 
and immobilization means unnecessary delay. 



FOOT 

Astragalus and Calcaneum. — Fractures of the asiragahis and 
calcaneum were often confounded with Pott's fracture, the final 
surgical result naturally being very unsatisfactory. Minute ana- 
tomical knowledge is necessary to appreciate a- skiagraph of these 
bones thoroughly. Fig. 11«S shows fracture of the calcaneum, 
causing slight downward displacement, in a man of thirty-eight 
years, two months after the injury. 
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How mieleading the lack of sucli knowledge may become is 
evident from the fact that the os intermedium cruris (os trigonum 
tarsi) has been mistaken for a fragment severed from the astraga- 
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lus. This bone is a typical part of the tarsuii of all mammalia, 
and its frequency is estimated at from 7 to 8 per cent. Shep- 
herd, who mistook this bone for a fractured fragment, sbvp: 
" The fact that this fracture is not mentioned in any of tlie 
text-books on surgery or in special treatit^es on fractures would 
easily be accounted for by its only being discovered by dissection; 
it causes no deformity, and the symptoms it would cause during 
life would probably be obscure." The s'iime author tried to pro- 
duce this fracture artificially on the cadaver, but " in every case," 
he says, "where this manoiuvro was performed. I failed, even 
when the greatest force was used, to break off a little process of the 
bone mentioned above." Pfilzner regards the os trigonum larsi as 
an integral part of the posterior process of the astragalus in the 
adult, which is analogous to the os intermedium antihrachii. Fig. 
119 shows a normal oe intermedium cruris at the posterior as]>cct 
of the astragalus. This condition was detected accidentally when 
the patient was skiagraphed after his foot was crushed by an ele- 
vator. The oBsa cuneiformia were shattered. 
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The t'sainiiiiition of tlu' tarsnl bniips is Ix'st dinu' iii tlu' lattTal 
IHii'ilJoii. A i!kia^ra|)li. taken in thin poFiition, sliowri llici aiik]<>- 
Jiiint. as a wcll-ninrkud lino. Tho ink'rslicos U'twci-n tlic nstraj;a- 
his aixl the lalianoiini, bctivwn tlip (-nlii)id ami the cHKiint'uin, the 
euboiil and llio niotataival liont-s, the scajilinid and tlit' cuncifnnii, 
and Ihp HstrafTiiliis and thi^ sciijilidid nitisl also ai'iicar disliix-tlv. 
The tend.. A.-hilliK U wvll m'Ofrnis.-.l. Art.Tios.-lcn.sis of tho 
artcria tiliialis postica and anlica slinw well in lliis iiosition. The 
n^L' <>( the dia])hra}:ni is nvoiniru'ruli.'il mdy fur \h,- rc[iresent'ilimi 







of i.ss.-,ii> fnii or arti.nliii- alTirli-ms in this r.-ion. alth..ii;:li the 
siniitiinil d.'tails ;ire j-eii.Tally fairly «vll >hown withoiil il. The 

tin r e\].<i>iin' varies iN'tweeii one and Iwn minnles, the vai'unni 

uf tht- ui)r' (o Ijf taken low. 



172 THE RONTGEN RAYS 

The isolated fracture of the other tarsal bones was eeldom rec- 
ognised in a living person prior to the discovery of the Rontgen 
rays. While the foot is easily skiagraphed in the direction of the 
dorsum towards the planta pedis from the toes up to the upper 
third of the inotataraus, the first and third cuneiform bones and 
the scaphoid offer an ohstat-lc, so that it is necessary to skiagraph 
these portions transversely by having the outer surface rest on the 
plate. It is by this procedure only that the isolated shadows of 
the astragalus, the i-akiincum, the os cuboideum, the scaphoid, 
and the fourth and fifth metatarsal bones can be distinctly out- 
lined, BO that false interpretations can be excluded (see Fig. 24). 

In children short exposures should be striven at, the difficul- 
ties of keeping them quiet being great. Fig. 173 illustrates a case 
of synostosis of the first and second metatarsus in a child of two 
weeks. Although the ex|K)sure lasted a few seconds only, a dis- 
tinct reproduction was obtained, the foot being firmly presided 
down on a table by the fingers of an assistant while the planta 
pedis rested on the plate. 

A good skiagraph taken in antero-posterior projection must 
show the outlines of Lisfranc's as well as Chopart's joint — that is, 
the metatarsal bones must show individually separated, 

METATARSUS 

As indicated above, the metatarsus is represented best while the 
patient is seated on a chair, the planta pedis resting on the plate. 

Our knowledge on the pathology of the much -neglected meta- 
tarsus became greatly widened by the Riintgen method. Espe- 
cially the true appreciation of its injuries is entirely due to the 
rays. And injuries of the metatarsus are of citreme frequency. 

As to fractures, it may he said that it is generally accepted 
that their sui>erfii:ial location makes their recognition easy. Still, 
while this may be true of the first and fifth metatarsal bones, on 
account of their acces-^ibility, the dense tendinous and ligamentous 
tissues overlying the second, third, and fourth metatarsi are apt 
to veil the fracture signs within their tract. The difficulty of dif- 
ferentiation is ranch greater when, as is the rule, the fracture is 
associated with injuries of the soft tissues, causing tedema and 
swelling. 

How often metatarsal fracture has been overlooked can be 
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estimated by the fact that, before the discovery of the Rontgen 
rays, most eases of fracture of the second or third metatarsal 
bones were mistaken for pathological change in the soft tissue — in 
the German army known as "foot oedema." It was reserved for 
the Rontgen rays to disclose the fact that this much-dreaded con- 
dition was a fracture pure and simple, and that it was produced 
by overburdening the marching soldier (Stechow). 

Text-books give but little treatment for metatarsal fracture, 
most of them saying that it requires neither detailed description 
nor any special mode of treatment. A few maintain that if there 
is any displacement it will be towards the dorsum of the foot. 
Only Hoffa alludes to the possibility of plantar displacement also. 
But nowhere is reference made to the lateral displacement, which 
we regard as of not infrequent occurrence, and also as an impor- 
tant complication, since it is always followed by considerable func- 
tional disturbance. The fact that the lateral displacement was 
never before recognised explains fully why efforts of reduction 
have been neither made nor advised ; consequently the fragments 
left to themselves, whether in a general immobilizing dressing or 
not, unite in a deformed position, and bony enlargements, as well 
as functional disturbances are the result. The (edematous feet 
of persons who must work hard, or march or stand on their 
feet during the whole day, furnish a striking illustration of the 
consequences of badly united metatarsal fractures, as they are 
disclosed at the present time by the Rontgen rays. It is obvious 
that the more accurate and varied the diagnoses are which these 
rays enable us to make, the greater difference there must be in our 
plans of treatment. The experiments of the writer have shown 
that metacarpal fragments are held in place by elastic pressure 
(see section on Metacarpus). The same principles obviously apply 
to metatarsal fracture. 

For the fracture of a displaced metatarsal bone, two rubber 
drainage-tubes of moderate size are chosen and lightly pressed into 
the adjoining interosseous spaces at the dorsum so that they fill 
them to a certain extent. If two metatarsi are fractured, three 
drainage-tubes are necessary, and so on. The tubes are kept in 
situ by strips of adhesive plaster; thus the recurrence of the dis- 
placement is absolutely prevented. The dorsum is then sur- 
rounded by a moss-splint, a material that after being dipped in 
cold water adapts itself to the contours of the foot like a cast. 
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Tlie wliolo is proloctod by a plastcr-of-Paris dreceinp; wliii'h 
reaches from the toes to the lower third of the leg. The patient 
remains in hed for 
almut ten days. Then 
an ambiilatury ilrosn- 
.iiip is ajiplii.'d after 
tlio prini'iplfs eluci- 
dated nl)o\'e. 

When skiagra|>lie<] 
through the ])laster- 
of-Paris dressing the 
fornutrly d i sp I a ci'd 
fragments should ho 
found in csaft appo- 
sition. If not, tlie 
dressing must ho ro- 
a]>p]ied in the eorrwt 
position. There is no 
doubt that in pur- 
suing thes!i- therapeu- 
tic prineiples, wliieh 
an' bas<Kl on a c-nrrei't 
nnatomie diagnosis, al- 
I e g e d ni eta tarsalgia 
and siniihir aitnienis 
will Ix'eome very rari^ 




Fro. lao.— Fracture o 



alfi'itioiis. 
JFanv 



neuralgia, ueu- 

MENT. rilis. rlu'urnatisni. os- 

t.v.rny.'litis. susiK-cted 
tubiireulosis. ete., belong to the same category. The small bony 
enlargements of the fool, its broadening, and sometimes the eallo- 
sitics following metatarsal fraeture, were observed in former years; 
but they were misinterpreted in the majority of eases, sinee they 
were due to the Imdly united fracture oidy. Union in a dispjact'd 
position, especially in lateral displacement, nuist neecssarily lead 
to compressiion of the digital nerves. It is evident that tn-atment 
of such eases of " peripheral nenritis " ean consist only in reducing 
the fragnicnti: tr> their proper position by osteotomy. 
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Pain induced by walking points to dorsal or plantar dieplace- 
ment, while meta tarsalgia, coming on in a paroxysmal manner, 
is generally due to lateral displatomcnt. Metataraalgia is some- 
what analogous to coccytodynia, which, as the author proved (see 
ApjH'ndix to his Text-iiook on Frattiires, p. 2R8) was produced 
by fracture in most eases, the fragments also having united in a 
deformed position. 

Fig. 1-^0 illustrates the ease of a man of thirty-one years who 
sustained a fracture of the lower epiphyseal ends of the third 
and fourth, and a fissure of the second metatarsus. While 




Kecond Mbtatahsal Bum. 



snioothiiij: the a.-iphitlt pavement on the street, holding an iron bar 
of -It) pounds ill bis hands, he was knocked down hv a street engine 
which came from Wiind, so that he fell forward. While the sec- 
ond metatarsus shows only a slight sideward bending, the dentated 
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fragment of the third metatarsus is markedly displaced outwardly. 
The lower fragment of the fourth metatarsus is not only displaced, 
but its external portion is also tightly pressed against the fifth 
metatarso-phalangeal joint. The patient was able to walk in one 
week in an ambulatory dressing, and made an uneventful recovery. 

Fig. 1*21 shows the fracture of the second metacarpal bone in a 
man of thirtv-six years. The dis])lacement was mainly directed 
upward. Downward pressure sulUced for reposition, still there 
was slight lateral deviation, which was overcome by the interven- 
tion of a small ruh])or drainage-tube. 

Fig. 122 is a striking illustration of an injury of this kind. The 
patient, a boy of fourteen years, sustained an injury of his foot 
three years before the skiagraph was taken. The swelling follow- 
ing the injury was thought to be due to contusion, and the foot 
was consequently treated by the application of fomentations. The 
thickening of the injured area, which remained, was sup])osed to 
be caused by an inilamiiuitory process, massage as a local and iodide 
as a constituti(mal therapeutic agent being administered. The 
possibility of a fracture, as sluAvn by the skiagraph, was not 
thought of. 

The sesamoid (compare Fig. 1'21) below the head of the first 
metatarsal bone is sometimes fractured bv direct violence, a fact 
that was also never before recognised. 

The various osseous changes of the foot in acromegaly (see 
Fig. 232) are an interesting subject for skiagraphic study. The 
phalanges appear broader and thicker than normal and show no 
osteophytes. The metatarsi also sliow massive structures. 

The pathological anatomy of hallux vahjus and that of 
arthritis of the large toe are also much better appreciated and 
judged since the advent of the rays. Skingrn])lis of the toes are 
frequently serviceable in the d(»tection of foreign Ixxlies, espe- 
ciallv of needles and headless tacks. ^Fal format ions, like svndac- 
tylism (Fig. 1T2), etc., can also be well studied. The exact ana- 
tomical diagnosis that we are now abl(» to make enables us to 
determine whether surgical interference is possible, and if so, it 
outlines the nioflus opcrautU. 

To avoid false interpretations of skiagraphs of children, it 
should be rememlx'red that the lower epiphyses of the tibia and 
the fibula show their osseous nuclei in the first and second vears, 
and unite with the diaphysis between the eighteenth and the 
twenty-fifth 3^ear, or, according to skiagraphic evidence, sometimes 
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even before the eighteenth year. The osseouB nnclei of the astraga- 
lus and of the caleuiiouni appear intrn-uloro, that of the ruboid 
ahortly before or after birth, that of the cuneiform l)etween the 
first and fifth year, and that of the scaplioid from the first to the 
fifth year. The osseous nuclei of the metatarsal bones and of the 
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phalanges appear from the second to Iho nin(h year, and iniite with 
the diaphysis U'tween the ni.vtcentli and the twenty-second year. 

Injuries and disenfed of the phnhmfies are, of course, easily 
recognised. For a general view the tubal focus should l)e directly 
above the first jihalanx of the middle toe. For differentiation 
from arthritis and chronic inflammatory prnoesses skiagraphy is 
most important. The lime of exposure should not exceed half a 
minute — even in a few seconds useful reproductions of the toes 
can be obtained under favourable circumstances. 



CHAPTER XI 

SHOULDER AND UPPER EXTREMITY 

Shoulder. — The sliouldcT is fluoroscopod In^st wliilo the patient 
is seated on a chair. (Compare section on the Position of the 
Patient, pa^re 5!).) Skiagraphy may he done in the sitting, re- 
cumhent, and ahdominal position. A table is less convenient for 
skiagraphing of tiie shoulder than the carpeted floor, because the 
outstretched arm occupies much more space than a table can give, 
and special attachments are (cumbersome. 

The respiratory motions interfere to a certain extent with a 
faultless reproduction. Children tax the patience of the skiagra- 
pher to a great extent becaus(» they find it very difllcult to keep 
their arms quiet. Still, as the skiagraphs of the author may show, 
in most instances a fairly good reproduction is obtained, if 
patience is exercised. 

Irradiation should also be done perpendicularly, the joint itself 
being regarded as the centre, and the tubal focus being right 
above it. 

A good skiagraph of the shoulder-joint is best obtained from 
the posterior aspect, if the plate is ke])t very close to the scapula, 
the patient being in the recumbent position. 

If the Wehnelt interrupter is used, children require about one 
and a half, thin adults two, and stout adults three minutes' 
exposure. 

If the anterior aspect of the shoulder is skiagrajilied, the sig- 
moid form of the clavicle must appear well marked. The triangu- 
lar shadow of the scapula can be well differentiated from that of 
the ribs. Its spine can be followed in its course, running parallel 
to the clavicle, and ending at the acromion. The acromio-clavicu- 
lar junction shows a hiatus which in the early days of skiagraphy 
was mistaken for a diastasis of the joint. An increased knowledge 
has taught that this apparent diastasis is by no means pathological, 
and that there is a normal gap between the osseous ends of the 
178 
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acromion and the acromial end of the clavicle. The glenoid cav- 
ity, containing the head of the humerus, and the major and minor 
tubercula should also be well marked (see Figs. 126 and 127). 
Between the clavicle and the scapular spine appears the dark 
shadow of the coracoid process (Fig. 124). For structural details 
the diaphragm is absolutely necessary. The compression dia- 
phragm, however, is contraindicated in certain injuries, if there 
is, for instance, much effusion in the shoulder-joint or consider- 
al)le inflammation, which would make its use intolerable to the 
patient. 

Skiagraphy of the scapula is indicated in tumours, especially 
in osteosarcoma. 

Tumours of the clavicle can be differentiated, and atrophy of 
the clavicle in aortic aneurysm represented by skiagraphy. The 
true character of pulsating tumours, erroneously taken for sub- 
clavian aneurysm, may also be shown (see Fig. 631). Tuberculous 
foci are sometimes found in the clavicle. It is ne(?dless to say that 
dislocation of the clavicle is easily differentiated from fractures 
by the aid of the rays. 

SHOULDER-JOINT 

• 

As to fractures of the shoulder, see Fig. 68. 

Fractures of the clavicle are usually recognised easily, but there 
are cases of impaction and fissure in which no deformity or crepita- 
tion is observable, and which could not \ye recognised except by the 
aid of the rays. In case of extensive dis])lacement, it is important 
to control the treatment by repeated observations. 

Indeed, the shoulder-joint was formerly regarded as a real 
crux medicorum. While dislocation, for instance, should be easily 
differentiated, by the possibility of palpating the joint-surface 
of the shoulder, there are, in fact, many unrecognised cases. 

Fig. 123 shows deformed union after fracture of the surgical 
npck in a girl of fifteen years who fell from a window in the fourth 
storv. The force of the fall fortunatelv was broken bv wash-lines 
strung below, so that the patient escaped with an extensive contu- 
sion of the right foot, a wound of the length of 6 inches at the 
frontal region, and a fracture of the surgical neck of the right 
humerus. The competent family physician reduced the fragments 
at once, but they slipped out again ; five weeks later, when the au- 
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tiior aiiw tli(3 t-asL" for Uk- first time, u protrusion of tlia lower frag- 
ment was notiw)(l, which was united to the small upper fragment 
in ju.x to position. It was a surprise to find that in spile of the 
immen&e tieforniity there was hardly any functional disturbance 




at ihc liiiif. (Mcu^-U^\^, Imwuvcr, uas pdir.iniii^a, ul,],li, wlulo 
not restoring the fragments to a faultless position, brought them 
into apposition. 

This again shows that thp significance of a skiagraph for the 
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pnrpopo of estimntiDg the degree of functional disability is not 
always eonelusive. (See Chapter XVII on Medieo-Legal Aspects.) 
Fig. 124 illustrates the case of a fracture of the surgical neck 
of the humeruB in a girl of twenty-four years, who was first 
treated for a contusion, later for rheumatism. Two months 



Fia. 181 — iMPACTBD PRICTURB OF TBB SDBQICAL NBCS Or THE HDHSBDS. 

after the injury had taken |)laoo a slijiht swelling could be no- 
ticed nmiid the whnulder. cr^pediilly at the area of the surgical neck 
of the hiimenis, hut no signs of fracture eoiild Ix* elicited. The 
disturbance of function was insignificant, the patient being able 
to elevate her arm considerably. There was occasional pain and 
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The skiagraph revealed the presence of an impacted 
fraotiiro of the surgical neck of the humerus. The impaction ex- 
plains the absence of crepitus and false mobility, which may serve 
as an excuse for not hav- 
ing recognised the injury 
in its true light. 

By stiKlying the skia- 
graph one should assume 
that the protruding por- 
tion of the diaphyseal 
fragment coidd lie pal- 
pated through the deltoid 
muscle, hut the author 
did not succeed in doing 
so. This is another proof 
of the fact that palpation 
of deep lissucs is not 
only dilficuit. hut its re- 
suit frequently imagi- 
nary. 

Similar conditions 
were observed in the case 
of a man of fifty years 
who had sustained the same fnicture type six months l>efore the 
skiagraph was taken ( Kig. 125). The diagnosis was contusion, 
the patient being discharged from the hospital a few weeks after 
the injury occurred. There was considerable dislurhanee of func- 
tion, which was attributed tn the atro])hy of the deltoid muscle, 
developing a few months afterward. The skiagraph showed the 
humeral head united to the diaphysis in an nlilique direction. 
After having studied the skiagraph, the author was able tn pal- 
pate the protruding portion which had escai>ed his notice U'fore. 

Attention is called to the irregiUarity of the articular surface 
of the scapula, indicating osseous atrojihy. which weni hand in 
hand with the atrophy of the soft tissues. 

In a case of (his kind osteotomy should be considered, espe- 
cially if the patient is ]>oor and has to live from the income of 
his manual labour. 

Just as in intrascapular and extrascajmlar fracture of the head 
of the femur the Rontgen rays show that in fracture of the bead 
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of the humerus, schematic distinction between the fracture of 
the anatomical and surgical neck, as well as transtubercular frac- 
ture?, cannot always be made. In the ease of a woman of fifty-six 
years this was well illustrated. The patient had fallen about five 
weeks before, striking the right elbow on the pavement. There 
had been ecrhymosis at the elbow at Ihe time, suggesting a frac- 
ture there, hut no fracture had been found at this point. When 
examined four days later there had been absolutely no objective 
symptoms of fracture except a slij^htly abnormal mobility in the 
region of the head of tlie humerus. The pain there was intense. 
There was, however, no swelling or deformity. The skiagraph 
(Fig. I2fi), taken in 
the antero - |)osterior 
projection, show c d ii 
fissure line running 
downward and inward 
from the tubercles to 
about the surgical neck 
of the humerus. An- 
other skiagraph ( Fig, 
137), taken two weeks 
later, and viewing the 
hone from the back, 
showed a line tJiat 
migjit lead one to look 
upon the case as one of 
fracture of the ana- 
tomical neck. The sec- 
ond skiagraph showed 
chi[)s of bone — n con- 
dition tJiat, as men- 
tioned before, is not in- 
fre<|uently met with in 

otlicr casi-s supposed to 

, , If FiQ. 136.— Akterior View dp Shodldbr. (Oom- 

1k; only examples of p,r<>Pig. r?J.) 

contusion. When such 

chips of bone can be recognised, the massage treatment for sprains 

is manifestly inappropriate. 

To avoid erroneous interpretations, the fact must also not be 
lost sight of that the union between the epiphyeia and the diaphy- 
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sis of the lieail of the humerus is not perfect before Ibe twen- 
tieth jenr. 

As a counterpart the case illustrated by Fig. 1S8 may serve. 
It represents the shoulder- joint of a lady of fifly-eight yeare, 



1 



Fio, 127.— Fk*chthb 



(Compare Fife- VX.) 



who, after having fallen from a chair, had her arm forcibly pulled. 
Shortly afterward a swelling was noticed around the shoulder, 
and a fracture euepected. Immobilization was kept up for two 
months. The skiagraph revealed the absence of a fracture and 
the presence of an ankylosis, probably due to an inflammatory 
process, the shadows of both artienlation surfaces running into 
each other. BloodleBs breaking up of the adherent area is indi- 
cated in such a cose. 

The shaft of the humerus is best examined while the patient 
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is seated on a low chair, his extended and Blightly flexed arm rest- 
ing on tile examining tabk'. An a rule, a general view suffices; for 
structural details the diaphragm may be employed. Especially if 
there are thick muscular layers, or in case of osteomyelitis necrosis, 
or osseous cyst, it is desirable to obtain well-defined outlines. 

In children immobilization during exposure is obtained best by 
the diaphragm. Or a small-sized plate is fastened to the humerus 
by a gauze bandage. Short exposures should be given whenever 
possible; of course if the exposure lasted a few seconds only struc- 
tural details cannot be expected. The bone also appears light then, 
because a soft tube cannot be !?e!ec-ted for rujiiil skiagraphy. Fig, 




Fio, 13S.— Fibrous Ai(kti.o8ib of Shouldes. 



120 illustrates the fractun^ of the diaphysis in a new-horn child. 
Althnufih (lie exposure lasted a few seconds only, the fraeture-Hne 
and tlio angular as well as the axial displacement of the fragments 
are well repre8cnte<l. The focus of the tube being situated right 
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nbovi- the hunierut!. it is appreciatoil why this area nppfars light 
while the other areus show a darker tint. 

As to dislocation, it is generally asi^mned that in the frequen' 
Buk'oracoid type the flatleniug of the shoulder, (he axiiil <hiinge 

PlO. ISIl-^BACTtTKB or TUE Dztl-UISlS f.F TIIB HlHERCfl IN A B*»T, SlWilNEU 

uuKixa Labub. (Uftpid vipoBuie ) 

and the flat prominence of the anterior aspect of the axillary 
region ehonld lje sufficient indication? of its presence. In the 
ubglenoid (axillary) variety a diastaBie between the head of the 
humerus and the acromion is observe*]. Thus differentiation ap- 
pears to be easy from n theoretical standpoint. But practical ex- 
)erienee shows thai in spite of these symptoms many diagnostic 
errors occur in this direction. Fig. 130 shows a case of old sub- 
coraeoiil dislocation in a man of forty-three years, who was run 
over six inonlhs before the skiagraph was taken after operation 
Se was treated for coutusinn nf the ,-honldpr for thai length ol 
time. On esamining for the first time the author found the 
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shoulder much flattened and the acromion unduly prominent. The 
joint cavity was empty and the head of the humerus could be 
palpated in Hohreiiheim's groove. The arm was slightly short- 
ened, the motion of the arm greatly impeded, and the patient suf- 
fered from intense periodical pain, which seemed to be dependent 
upon nerve-pressure. 

The Rontgcn rays revealed the typical signs of subcoracoid dis- 
location. At the anterior surface of the neck of the scapula a 
thickened area was noticed, which made the author suppcct that 
there was a co-injury of this portion, but the skiagraph showed the 
bones to be intact. As the operation proved afterward, the thick- 



N PUR Old iJDBCORlCOID 



eiied portion, which might have corrresponded to callus forma- 
tion, Wiis caused by the presence of fragments of the glenoid cap- 
sule, which had formed an irregular mass. 

After various methods of reduction were tried in vain under 
anfesthesia, a nearly semilunar incisiion was made which began at 
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the acromion, and running over the inter tubercular sulcus was 
extended vertically alongside the anterior surface of the arm. 
Thus both the joints and the acromion were exposed. After care- 
ful and extensive dissection of adhesions the author succeeded in 
rotating the head of the humerus in its glenoid cavity. There 
was a pronounced tendency to forward displacement which 
could not be overcome by additional exposure. Therefore, the 
author fas^tened the head of the humerus in the cavity by suturing 



Dislocation of Humerub. 

it to the acromion after havinp drilled a hole through the head 
of the huinerii!*. On boring, the head was^ found lo be very soft, 
a fact which was also illustraled by the light shadow of the skia- 
graph. The skiafjrajili (Fig. 1.10) fiiken two weeks after the opera- 
tion, showed the humerus in good position. Recovery was perfect. 
It seems to the author that this procedure is far preferable to the 
resection of tlie bead of the humerus, as advised by so many sur- 
geons. No force being required, laceration of muscles, blood- 
vessels, and nerves is avoided. 

In a ease of habitual dislocation of the shoulder similar steps 
wore taken (see New York Medical Journal, July 14, 1903). 
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Fi^^ 131 slinw.i siilicoracdiil ilisliiriitittii in ii wninan of sixty-five 
voar?:. AltrioiLirh fivi- wifks liml clini^-d ^'mtv tin- injury wii;; siw- 
tiiincii, rc]n)siti(in was su(-i-cs:iful. jirolongcil mljiiory niotious prc- 
ceiliiig tht FL-duuiig (jfforls. 
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^k In jn'rioBlilis or ostfimiyflilis of the liiiiiKTiiii. h prweding 
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^m little mnrkcd that differentiation becomes ilifticult. Sueh dilK- 


^M culty of diagnosticntiug this disease is not only reroovecl by the 


^M skiagraph, but a trustworthy guide for the operative teehniqiie is 


H furnished at rhe same time. In the ease of the girl .ioseriWd in 


^M Chapter XllI on Ostoomyelitis, the slow onset of the symptoms 
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\Miliuu( them. Fig. 132 






illll^l^llw a greenstiek 
fraetiire in a lail of nine 
years. The skiagraph 
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lo. 133.— Fbicturk or ine D(*pnT8is of thb 


showed that the axis of 


^^ HiiHBHLs. koh~[;nitbu afteh Nine Werkb. the humenis wns bent. ■ 


■ This knowledge enabled ■ 


^H the author to redress the fragments into their proper rlirection H 


^M three weeks after the injury, the eharaeter of which was not recog- H 


^M niscd. Still, who has nfver been guilty of misinterpreting some of H 


^L these injuries? Aside from differentiation between preglenoid and H 
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subglenoid dislocation and fracture of the anatomic neck of the 
humerus, there remain the various inflammatory processes — 
traumatic, rheumatic, arthritic, syphilitic, and tuberculous — and 
the tumours, like cn- 
chondroma, osteoma, 
and osteosarcoma. Os- 
teosarcoma can be 
recognised at an cnrly 
sta^c. It should well 
lie borne in mind thiit 
most cases of osteo- 
sarcoma give a his- 
tory of a proceeding 
injury, so that the 
swelling is sometimes 
erroneously taken for 
callus proliferation 
(see Chapter XIV). 

The healing proc- 
ess in fractures can 
bo well studied in Figs. 
133 and 134, which 
illustrate the case of 
a lady of fortv-livc 
years who sustainwl a 
transverse fracture at 
the lower third of the 
humerus nine weeks 
Ijefore Fig. 13;i 

Fio. 133. 
tiie fragments had 

faiktl to be united, although as the skiagraph indicates, callus 
tissue was present In moderate quantity. Where the cortex of the 
outer portion of the lower fragment joined the medulla of the 
upper fragment no consolidation had taken place. 

It was obvious to shift the protniding fragment into place by 
inward pressure at the upiicr and outward pressure at the lower 
fragment. This procedure resulted in perfect recovery seven 
weeks thereafter. The function of the arm was not disturbed at 
all until a year afterward the patient, in falling downstairs again. 
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taken. At this time 
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siistaincil n frartiirc nt the same placi-. TIk- skiagraph (Fig. 134) 
taken tha day afler thi- injury ofuurred, showrt considerable axial 

'1 ILfl 

Flo, ^t^.-KsTUKMK lU.rj ^l■l.MT;^T cil'sinq Diastasis of Fh*&menT8 »no 

and angular dispiacemenl. At tlie same time it indicates the 
iresence of a large aiiionnt of ensheathing callus, which oneirdct 
the uppor fragment to such an extent that it assumed the form ol 
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a socket. The lower end of the fragment became round shaped 
accordingly. Thus it seems that while thorough apposition was 
obtained after the correction of the first injury, consolidation took 
place by ensheathing callus formation, that is virtually in the 
same way as it does if the fragments are in juxtaposition. Re- 
covery was perfect seven weeks thereafter. 

The median as well as the radial nerve may become lacerated 
by the splintering of the bones. This requires immediate neu- 
rorrhaphy. Of course, the nerve fragments cannot be represented 
bv the ravs, but the location and the character of the fracture, 
the displacement and eventual diastasis of the fragments, in con- 
junction with the symptoms in the sphere of these nerves, estab- 
lish the diagnosis and dictate the* operative steps. (See Chapter 
XVI on Operative Treatment of Deformed Fractures.) 

Fig. 135 illustrates muscular intervention caused by excessive 
displacement in a man of fifty years. The diagnosis could be 
made by the enormous swelling, the intense pain, and the pressure 
symptoms in conjunction with the skiagraph. 

ELBOW-JOINT ' 
The Elbow-Joint must alwavs be examined in at least two dif- 

ft' 

ferent positions — viz., in pronation and supination. In pronation 
the forearm is flexed and the arm elevated up to a level with the 
shoulder, while the patient is seated on a chair, the internal con- 
dyle occupying the centre of the plate (Fig. 121). In supination 
the patient assumes the recumbent position, the olecranon occupy- 
ing the centre of the plate. The position is often dictated by the 
subjective con<lition of the patient. In the case of an inflamma- 
tory process or in certain injuries the patient is not able to place 
his forearm in supination. The humerus as well as the hand 
may be immobilized by means of sand-bags. In children the plate 
can be fastened by gauze bandages. The vacuum of the tube must 
])v very low, considering the translucent state of the cartilaginous 
epiphyses. An exposure of one to two minutes is required if soft 
tulw's are chosen th<'n. As a rule the diaphragm is indispensable 
in the cxaminatirm of the elbow-joint. In nervous children short 
exiM)sures may l)e resorted to if other means fail, but important 
details may escai)e notice then. Tubes provided with a cooling 

ap])aratiis an* es|M»cially advisable for such juirposes. 
14 
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If exposure in two different projection planes is omitted Impor- 
tant fractures above the condyles may be overlooked. The same 
applies to the fracture as well as to the isolated dislocation of the 
radial head. 

In children the skiagraphie anatomy of the elbow-joint may 
be falsely interpreted. It should l)e remembered that the osseous 
nucleus of the interior of the capitulum humeri appears between 
the second and third years. Another nucleus shows in the inter- 
nal epicondyle at the fifth year, a third in the trochlea between 
the eleventh and twelfth years, and soon afterward a fourth in the 
internal epicondyle. The nucleus of the internal epicondyle 
unites with the diHphysis between the sixteenth and twentieth 
years; but the other three nuclei form a synostosis among them- 
selves at the seventeenth year, then constructing the uniform 
osseous epiphysis which coinpleten its synostosis with the diaphysis 
at about the twentieth year. 

In very young children the eniineiitia eapitata appears as if 
entirely severed from the humerus, although the relations are 
normal. The explanation of this important phenomenon is that 
the epiphyseal tissues are not sufficiently ossified to produce a 
shadow on the plate. If ilicse points arc not thoroughly consid- 
ered the diagnosis of a displaced fracture fragment might be 
erroneously made. The lower epiphysis of the humerus consists 
of four nuclei, which do not ossify until from the eighth to the 
seventeenth year. The epiphysis of the trochlea and of the ole- 
cranon do not ossify until between the seventh and the twelfth 
year, which explains why an osseous nucleus is still connected with 
its neighbouring epiphyseal nuclei, and why the diaphysis, con- 
nected by cartilaginous tissue, appears as an isoUited piece of bone, 
which erroneously may be taken for a fragment. 

The normal relations of the infantile elbow are evident from 
Fig. 136, which is that of a girl of four years. Si.\ weeks before 
the skiagraph was taken fracture of the external condyle was sus- 
tained, which accounts for the enlargement of the external condyle 
and the outward bending of the ulna. 

It must also be borne in mind that in fractures in childhood 
the process of ossification is influenced by various affections of 
the bone, such as rachitis, for instance. 

As stated before, inflammatory processes in the elbow-joint are 
to be viewed from the same points as those of the knee-joint. 
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Thp elbow-Joint has always been a source of grief to the medi- 
cal profession, and it is only since the introduction of the Rontgen 
rays that more light has been thrown upon the injuries of this 
joint, and that accord- 
ingly the therapeutic 
results have become 
satisfactory. 

Most text-books 
dcscriljo a number of 
well -marked signs eup- 
pos(>d to he eharactcr- 
istic of the various 
typen of tlu'si' injuries, 
but before the Ront- 
gen era, the final 
rtJtilt, and since the 
Hbntgen era, the skia- 
grapbic resu 1 1 — 
showed that appar- 
ently even the simplest 
injuries of the ellww 
were misinterpreted. 

Koenig, in his 
classical tcxt-l>ook on 
Special Surgery (vol. 
iii, IflOO, p. 2-H>), 
maintains that " wc 
arc but rarely able to 
make an exact ana- 
tomical diagnosis of 
the most fn'quent 
typos of fractures of 
the elbow." This dic- 
tum fortunately cannot Itp substantia ten!, since irradiation gives us 
the most detailiil information. It is unjustifiable nowadays to at- 
tempt the tr(«tnicnt of a fracture of the cllxtw without a skiagraph. 
How accurate, in fact, an anatomical diagnosis can l>e made with 
the rays is well illustrated by tbe following cas<'s: 

A boy of five years fell from a second-story window, sustain- 
ing an injury of the elbow. Bc'sidcs a few insignificant contusions. 
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there was n fraclurc of Ilie pxlernal condvk' nf (he huniorus, and 
special eurgical care was reeommended. The patient was tnin.^- 
ferred to & hospital, where the arm was immobilized in nn ex- 

Fia. 137,-I!XTEHNA1. COSDILB COaW.BTELr TrHNEn AJTEB BONO FhaCTIRBIiI 

[ended po»ilion. After five weekw the patipnl lefl the hcwpital 
Iweaiiae his general condition was g'lod. and the f^welling about 
the ellmw had disappeared, the onlv remaining trouble being that 
the elbow could not be Hexed. 

When the author exaniinetl the patient at this time, palpation 
revealed a bony innss near the lower end of the humerus exter- 
nally, which could l>e easily moved in a vertical direction. A 
skiagraphic picture taken while the joint was resting on its dorsal 
aspect showed the presence of a txiny fragment, which was detached 
from the humerus {set' Fig. IJiT). The space lietween the upper 
articular surfaces of radius and ulna on one hand, and the lower 
articular surface of ihe humerus on the other, seemed to bo 
empty, which finds ils natural explanation in the fad that the 
epiphyses were still earl ihifji nous in this young |Hitient. and there- 
fon.' Ininslucent by the ravs. 

If these points are not thoroughly eonsidered, a displaced frag- 
ment might lie awumed where normal rehitionB exist. 

It wonld Ik- very desirable that a commission of surgeons 
should classify these complicari-d eonditions of epiphyseal ossifica- 
tion during the various iHTiods of development, in onler to obtain 
inthoritalive rules for the te.\l-iioi>k*. 


1 

1 



SHOULDEIl AXI) i:i'PKK EXTRKMETY 197 

A second Kkiagnipli vim taken in t^ii|)iniition, which showed tho 
joint in lateral projiction, so that the frajtnient apiwarcd soniu- 
what larger. The lower end of the frafinicnt was situated directly 
lielow tiiu integument, which presented a slight proniinenc-o in pro- 
portion. At first the author intended to nialvo an attempt to re- 
duce the [severed fragment tunl suture it. ami with tliis purpose 
in view he made ii longitudinal incision above it, which showed it 
to be ii)os<'ly connected with tlic surniundhig tissues. The articu- 
lar end consisted i>f ijic eminenlia cHpiluta. .\ small part of the 
Iroehieiir end had turned towards the surface of the epiphyseal 
fragment, while the fractured surface of the small fragment ad- 
hered ti) the skill. In other words, the fragnteni luid turned en- 
tirely around on its own axis. Its nutrition seemed to l)e so luudi 
imjiaired that the author thought it wise to remove it. The 




largest portion of the fragment consisted of cartilage only, a small 
lateral area representing real osseous tissue. 

It hardly needs to be mentioned that after the removal of 
the fragment the arm could ensily be fle.\e<l without any forcible 
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efforts. Reeovfirj wan uninterrupted. Afler a wock piipsive mo- 
tion was Itegun, and the final result was perfect, in spite of the 
elimination of bo important a bone section. If the parents of the 




piiticnt had followed the instructions of the fiiinilv plivsifiiin to 
ascertain the exact anatomical nature of tlie injury by immediate 
irradiation, the torsion of tlio fragment would tiave been recog- 
nised at flo early a stage that reposition might still have been 
possible. 

Reposition is not always easy, liceause the head of the radius, 
by being pulled forward through the biceps muscle, favours the 
displacement of the fragments, but repeated efforts under guid- 
ance of the Rijntgcn rays may overcome this difficulty. (As to 
further details of this instruetive case, see Forfschritte auf dem 
Gobiete der Riintgcnstrahlen, September, 1902.) 

The result in supracondylar fracture also used to be unsatis- 
factory becauB*? the direction of the fracture-line could not be 
recognised, and therefore the direction towards which reposition 
had to he attempted was only guessed nt. Thus the efforts at re- 
duction were in most instances only partially successful. 

Fig. 138 illustrates the supracondylar fracture of a boy of 
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ten years shortly after reposition. There was considerable back- 
ward displacement, the recognition of which enabled the author 
to reduce it completely, sldagraphie control through the plaster-of- 
Paris dressing verifying the successful reduction afterward. It is 
needless to emphasize the fact that such skiagraphic evidence 
proves from the beginning that the final result will be good, while 
before the Rontgen era such knowledge was only gaineil weeks 
afterward when the gunstock deformity was an established fact — 
when, in other words, it was too late for correction. 

In the case of a boy of nix years who had sustained a similar 
injury the Rontgen method was not resorted to until four weeks 
after the injury occurred. As Fig. 139 indicates, there was an 
oblique supracondylar fracture, followed by backward displace- 
ment. The humeral end being pressed backward during the fall 




on the band, the flexed forearm was hyperextcnded (extension 
fracture), which explains that in cases of this kind the oblique 
fracl lire-line is directed from Ix'hind backward and downward. 
.\ttcntion is also called to the sharply protruding point at the 
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lower end of llie d iajtliVfKjjil fragmenl, wiiich offers an o1jsI;il-1o to 
flexion. In this oiw it was too late to corivct the nmlunion by 
force, and a chisel operation had to Ik; sufifieiited therefore. 

In Fig. 140 the same injury in illustrated in a hoy of ten 
months. In this eai^e the fractnre wiis assoeiiited with epiphyseal 
separation. Altlioiijih three weeks had elapsed since the injury 
had oeeiirrcd, rcfracture and reduction were successful, the elbow 
of the ana;stlieiized child being brougjit to the edge of the table. 



and the manijnilalions Ix'ing made in a longitudinal tlirection. 
The gunstoek deformity disapix-ared coniplelcly then. 

Fig. 141 illustrates the case of a hoy of eleven years, whose 
supracondylar fraclnre was mistaken for backward dislocation. 
The skiagraph, obtained three days after the fracture occurred, 
demonstrated that the protrusion of the o!ei-ranou, nnti<ral>l<' in 
midst of the swollen elbow, was due to its backward disphicement, 
which was produced by fracture. The enormous swelling pre- 
vented false motion and crepitus, hence the error. It is, of course, 
a great deal more difficult to reduce the frapiucnt in a swollen 
area, as it was in this case, while early recognition would have 
made reposition easy. 

As to fracture of the external condyle associated with lateral 
dislocation, see Fig. 13. 
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In rcfinrd to the various kinds of fnictures of the external oon- 
ihle, (Kfiirring during the (icriod of development, the reader in re- 
ferred to the author's illustrations in 

Kortwhritte auf dem Ocbiete der ^ 
Uontgenstrahlen, Band v, Hamburg. 
The participation of the radial 
iicrre is diseu8se<l in the chapter on 
the Operative Treatment of De- 
formed Fraeiurert. An extraordi- 
nary case of this kind, however, may 
be reported in this eonneelion. 

The arm of a jiirl of fourteen 
years who sustained a fracture of the 
external condyle of the humerus by 
falling from a high stairway, was 
immobilized in extension by an ex- 
perienced surgeon. Shortly after- 
ward considerable functional dis- 
turbance set in, and gradually pa- 
ralysis of the extremity developed. 
The grasping power Ix-camc lost, ^^^ u-2.-o,.o Fhactme or Kx- 
and supination was inijMissihle. tbhnal Condvle. 

When the author saw the patient 

for the first time there was ionsiilerable deformity in the region 
of the elbow (Kig. 142) and the typical drop-hanil. Supination of 
the forearm wac juft 
iis impossible as ab- 
duction of the ulna 
{Fig. 143). Both 
phalangeiil ends could 
be extended slightly 
by the lumbrieales 
and inturnssoi. 

Skiagraphic exam- 
ination revealed the 
preoence of an im- 
mense thickening of 
the external condyle 
of the humerus, which pointed to an injury of the radial nerve. 
This suggested the presence of a callous masa in which the radial 
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nerve was buried. Altlioiipli after the lapse of eoven years recov- 
ery could liariily \k expected, the author still thought, by exposure 
of the nerve and resection of the superfluous bone masses, that the 




Fia. 141— Backward Disijjcation of Elbow. 

funetiuu of the limb uiij;lit be niateriiilly improved. In fact, the 
radial nerve, when exposed by a lonj^itudinal incision, showed itself 
to bo surrounded entirely by osseous tissue. It was released by 
extensively chisi'llin;; off the bone massis. The considerable im- 
provement of the syniplonis was quite surprisinjr. .\fler six weeks 
the result wiis further improved by elonfratin;! the shortened flexor 
tendons by teno])lasy. The hand, which had formerly hunj^ pow- 
erless, thus regained the jiower of grasping. 

The signs of supracondylar fracture often resemble those of 
posterior dislocation of the elbow, three signs t>cing common to 
both injuries — viz., shortening, false position, and the axial direc- 
tion. From a strictly theoretical point of view it seems to be im- 
poseihle to mistake a fracture for a dislocation, and vice versa. 
In dislocation the flexor side of the forearm and the extensor side 
of the arm are shortened, and the tendon of the triceps muscle 
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appears like a small arch, the concavity of which is directed 
towards the olecranon. This proccBS is noticed as a posterior 
projection then. The trochlea can be palpated in front and the 
outlines of the joint surface of the head of the radius are grasped 
in tlie back. That the transverse diameter of the joint always re- 
mains normal is another characteristic feature of the dislocation. 

In epite of all these well-known points dislocation is often mis- 
taken for fracture, and vice versa, as clinieal e.xperienc-e shows. 
Tlie supracondylar fracture, illustrated by Fig. 141, was taken for 
backward dislocation on account of its posterior projection, and 
the backward dislocation illustrated by Fig. 144 was regarded to be 
a supracondylar fracture. 

The explanation of such fatal errors is given by the presence 
of considerable swell- 
ing which prevents ex- 
act palliation. Still 
there is no more ox- 
euse for it because the 
rays are not infiu- 
eneed by the swelling 
and will tell the exact 
truth, thus enabling 
the surgeon to take 
the proper therapeu- 
tic steps. The author 
may be iwritoned for 
rejH.'afing his warn- 
ing so often, but the 
" t'atonic Ceteriim 
censeo " cannot ht.- 
cniphasizctl too often 
in thin connection. 
The pcK'tero - niodinl 
tyjie of dislocation is 
of rare occurrenw, 
liut may also Iw mis- 
interpreted. Fig. 145 illustrates a case of this kind in a boy of 
eleven years. The reduction was easy. 

Fig. HG is a sad illustration of indifference. A labourer 
who had been injured by a machine sustained severe injuries. 
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which wiTf iritfrprt'ltHJ as fmcturt' of the middle of Ihe hiiiiiorus 
and at the loner third of the iilna. He was treated by nn cx|icri- 
pnced surgeon who, relying on his piilpiitory talent, did not cnre 
for using the Rontgen method. The treatment of the humerus 
was excellent, the fragments having been held in exact apposition, 
as was shown by the Bkiagraph taken Iwo years later. The ninar 
fracture had not been well reduwd, yet it is improbable that the 
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F RADIUS. 



deformity of that bone would have interfered seriously with the 
function of the arm. But in the elbow-joint a very important 
lesion was shown, which had not been defected by the palpatory 
enthusiast. The man's arm eventually becoming paralyzed, it was 
thought that there might be some callus proliferation at the 
humerus, therefore it was decided to free the nerve by o]>eration. 
Still the condition remained unchanged. If at that time, one 
1 half after the injury, ekiagraphic examination had been 
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resorted to, no such operation would have been performed, because 
the picture would have proved the absence of displacement. This 
fact would have excluded the possibility of compression of the 
nerve at this point. And if there were compression of the nerve, 
the skiagraph would have pointed to the respective area. 

And in fact, skiagraphy of the elbow revealed the presence of 
fracture of the coronoid process of the ulna and outward disloca- 
tion of the radius. Now, if the Rontgen method had been resorted 
to two years l)efore, it would have shown the humerus in perfect 
and the ulna in a displaced position; the latter would easily have 
been averted then by slight inward pressure. The radial disloca- 
tion would also have been discovered, and could have easily been 
reduced at that time. The patient is still paralyzed, and it is very 
questionable if he will recover. It is true that we are all liable 
to error, but we should endeavour to correct our errors as soon 
as possible, and not procrastinate two years. This is an every-day 
example, and the single individual is not to blame for it, because 
the majority still follows this routine. 

The injuries of the up{)er ends of the radius and ulna are also 
to be regarded as important factors in the pathology of the elbow- 
joint. 

In considering the radius, it must be appreciated that the frac- 
ture of its head is a very important injury. If the upper fragment 
is entirely severed, it may be recognised as a separate piece of bone 
by palpation. In addition, it will not share the motions of the 
arm, while alternately turned in pronation and supination, and in 
that case crepitus is seldom absent. Intense pain may point to the 
seat of the fracture; and sometimes it may be guessed by simple 
inspection, the biceps drawing the shaft forward and causing a 
slight projection. 

But whenever there is entire absence of displacement, contu- 
sion or distortion may be thought of. This error is apt to take 
place so much easier when the swelling soon following the injury 
veils the symptoms, abnormal mobility especially not being notice- 
able. In former vears it was only under anaesthesia that such cases 
were once in a while properly diagnosticated. 

It is evident that the diagnosis of fissure of the radial hmd is 
still more difficult. It seems to the author, indeed, that until 
recently its presence could never l)e clearly ascertained. Fortu- 
nately, the Rontgen rays throw light on this subject as well as on 
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many others, and there can be no doubt that, with our increasing 
knowledge and cxporience, fissure of the radial head will also be 
recognised more frequently. 

The following case may serve as an illustration : it is one which 
in the pre-Rontgen era would surely not have been recognised in 
its true nature. 

A girl of twenty-four years of age, on the evening of October 4, 
1900, in falling downstairs, stniclv her right elbow again.st a piece 
of iron projecting from the stairway. She called upon a physician 




at once, who found the elbow much swollen and painful. No 
signs of a fracture were then (letcctcil. 

On October Gth, when the author saw the patient for the first 
time, the arm was in right-angled flexion, and the region of the 
elbow-joint showed considerable swelling and tenderness equally 
distributed. The area above the radial head showed the presence 
of ecchymosis. 

A skiagraph was taken at once in supination, the patient lying 
on her back (Fig. 147). It revealed the pres<'nce of fissure of 
the radial head beyond any doubt. There were, in fact, two dis- 
tinct fissure-lines, one running through the cireumferentia articu- 
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laris alone at its external margin, and the other one creating a 
triangular segment, the base of which was formed by the internal 
margin of the circumferentia articularis and the tip by a splinter 
detached from the radial neck. 

The therapy consisted simply in the application of a plaster-of- 
Paris dressing in rectangular flexion, the forearm being kept in 
semipronation. A second skiagraph, taken four weeks later, 
showed ideal union, the external portion of the circumferentia 
articularis only protruding farther than it should normally. It 
shows also how quickly the evidence of the presence of a fissure 
becomes lost if there be perfect approximation — a circumstance to 
be borne well in mind from a medico-legal standpoint. 

The function of the forearm did not become perfect until three 
months after the injury, the joint showing considerable stiffness at 
first, which yielded gradually to massage treatment. 

Fissure of the radial head being of a decidedly intra-articular 
character, an effusion in the joint is a natural sequence, which ex- 
plains the uniform swelling at the beginning as well as the stiff- 
ness at a later period. 

From the study of this case we may learn that wlierever skia- 
graphic observation shows no tendency to displacement, it will 
be advisable to begin motion at an early stage, say after ten days, 
in fissure as well as in fracture of the radial head. In relying on 
the skiagraphic mentor, our results will be far superior to those of 
the past. Even in the much-feared cases of fracture of the radial 
head, where the fragment is considerably displaced, a great deal 
can be done, or rather prevented, under the guidance of the rays. 

In the case of a man of thirty-two years of age the author had 
an opportunity to diagnosticate a fracture of the radial head 
before he employed the Rontgen rays. This was easy because the 
much-displaced fragment was freely movable. It had seemed to 
the author that he had succeeded in reducing the fragment, but a 
skiagraph taken twelve hours after the injury, through a plaster- 
of-Paris wire splint, showed that the reposition was not perfect. 
Ana?sthesia enabled him then to correct the displacement perfectly 
in the half-extended position. The result was very satisfac- 
torv. 

Immobilization should be kept up for weeks in such cases, for 
premature contraction of the biceps muscle might separate the 
replaced fragment. If the fragments are not properly retained in 
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place, the production of extensive adheeions might demand resec- 
tion of the radial head. The same operation might be indicated if 
small fragments Beparato<l from the cartilage remain detached and 
act like foreign Ixxlics, so as to disturb the function of the elbow. 
The Hontgcn ravs enable us, in the event ot this rare nccetwity, to 
trace out the mo<le of t-uch operations definitely iH-forehand. 

An to the iliiignnstic ditli<ultii'S, reference is made to Kigs. 
2.1». i>4l) and ail. di>scrilK>d in the chapter un Deformed Frac- 
tures. As to fnictun'!! of tjic olecranon, see Figs. 2i:\ and 3 14 in 
chapter on !>(?rornie(l Fractures. 

It na« thou^lil that fractures of the rorniiniil process of the 
ulita were of rare ociurrcncc. lint, as in many other instances, 
experience with the Himtgen rays bns taught that tliis type of 
fracture is much more fn-fiuenl than was formerly Iwlieved, By 
realizing that the ntirmaj coromiid process cannot Im' palpated 
through the tJiick muscular strata that proti-ct it, the difliciilty of 
making out the broken fragments becomes apparent. The strong 
lateral ligaments, as well as the annular ligament, wliich is 
strengthened by the brachialis muscle, form so strong a protection 
to the process that a d is] dace men t of lis fracturt^d fragment sel- 
dom takes place. This n^ual abf^nee of displacement also explains 
why crepitus is ordinarily not produced. The presence of ecchy- 
mosis. a» well as of intense eircumscrilKHl )>ain in the cubital fold 
prothicod by strong flexion, are suspicious signs. The latter would 
indicate that the jirocess is pushes! info the fossa anterior. It 
sli<nild not, however, lie forgotten that this valuable symptom is 
entirely of a subjective nature. 

Thus, a positive diagnosis can but seldom l)e made without 
using the Riintgcn rays. The diagnosis will also determine the 
prognosis. If there Is bnt little tendency to displacement, the 
prognosis is favourable even when the diagnosis has nol l>een 
made. But if there is any marked displacement the function of 
the elbow is greatly distnrln'd. Tn snch an event, of course, the 
diagnosis is so nnicli ear-ier the greater the displacement is. Xow- 
sdai'fl this much-dreaded condition need not Ik- feareil. since repo- 
sition i)r the fragments has become greatly simplified under the 
guidance of the rays. 

The after-treatment is Ix-st conducted in a rectangular dressing 
of plaster of Paris. In the cases referred to the fragments were 
invariably found in a displaced pofiition, so that they projected 
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into the joint, interfering with free motion. The projecting bone- 
mass therefore had to Ix? chiselled off. (Compare Fig. 198 in 
Chapter XIII on Arthritis.) 



FOREARM 

The forearm is examined after the same principles which were 
emphasized in the study of the arm. The anatomical relations of 
this region are more favourable for irradiation, l)ecause the bones 
are near the integument and the soft tissues are thin. The best 
reproductions are obtained if the surface extensor is placed on 
the plate, for the reason that the bones are situated directly under- 
neath the skin there. In spite of this accessibility, however, it is 
always preferable to ex])ose in two different projection planes — 
viz., in antero-pnsterior or ]>ostero-anterior direction, and in the 
lateral. 

Injuries of the forearm, the extremity used for working as 
well as for protecting the body — this member k^ng instinctively 
outstretched when one is afraid of falling — are of great frequency. 
In fracture of the lx)n(.»s of the forearm thorough adaptation 
of the fragments is essential for the ])reservation of the functional 
ability of this important part. If there is no displacement the 
course is naturally not disturl)ed. Xo reposition being necessary, 
the therapy consists in simply applying .<ome suitable immobilizing 
apparatus. The author prefers the plaster-of-Paris dressing here 
just as well as in most other fractures. 

Fig. 148 illustrates this ty])e. Although there was considerable 
splintering, the bones remained in g()o<l apposition, so that no 
efforts at reduction were re(|uire<l. The ])atient, a labourer of 
twentv-five vears, suffered considerablv aiul showed extensive 

• • • 

swelling around the fractured area, so that the author had the 

impression that extensive displacement had taken place. If the 

Riintgen rays had not shown the fallacy of this impression, forcible 

efforts at reduction would have l)een made, and the splinters might 

have been dislodged, so that the same hands which were expected 

to correct and heal would have increased the severity of the injury. 

How far the correcting tendency of nature goes is evident 

from P'ig. HO, which illustrates the antibrachial fracture of a boy 

of three years. For two months no medical advice was sought, 
15 



SHOULDER AXD UPPER EXTREMITY 



211 



until the Iors of the power of pronation and supination and 
the protrusion caused by tlie formation of onsheathinp callus 
gave the impetus. Apparently the fragments were not displaced 
at the time the fracture occurred. Still the fact that no immo- 
hilization was attempted explains why a large mass of ensheathing 
callus was thrown out. The irritation of the soft tissues produced 
adhesions between themselves and the callus-masses, which ac- 
counts for the impossibility of pronation and supination. Under 
ana'sthesia the adhesions were destroyed. Jn such neglected cases 
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the e.\eesi-ive eallus-mas.'^es may cause syno.etowis between the 
two bones, although there was iio displacement at all. 

Thus we see that in fracture of the bones of the forearm thor- 
ough adaptation and immobilization of the fragments is essential 
to preserve functional ability. Fracture of either the radius or 
the ulna alone, when perfect coaptation is not secured, may pre- 
vent supination to such an extent that the unfortunate patient 
may be unable to follow his occupation. How much more is the 
functional ability impaired, when, after fracture, both bones unite 
in false poKilions, with overlapping of the fragments and angular 
deformity. 

To what extent the Rontgen rays enable us to overcome some 
of llie technical difficulties, even in desperate conditions, in illus- 
trated by the following ea.-^e: 

Both forearms of a labourer, aged thirty-four years, were 
caught in the wheel-strap of a powerful machine and broken. 
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The patient was brought to the hospital, where proper efforts 
were niiKle to reduro the displneed ami partinllv spliiitcretl frag- 
ments. 

At first rejHisition seemed to have lieen successful, and the 
swellinjr disapiwarc-il. but botli hands remained stiff and paralyzed. 
and, e.xceptinjr llie tliiinilis, were without sensation. 

Extensive (eiU'iiia having r('|*i'ati'dlv' kt'ii present the disturb- 
ance in motion iis well as in sensibility seemeil to he of an isehseniie 
nature rather tlian eausod by a direct trauma to the nerves. The 
muscuhir atro]iliy. iiliiih was stJil pn-sent, alsD pointed to the 
breaking down of contractile muscular eiements. Wlicn the 
author saw the iiaticiit for (lie first time he fonnd angular deform- 
itv, ahiiomia! niobilitv. ami the functional dislnrhanecs. descrilied 
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the lower fragments of Hie ulna and the 
radius, which almie wiuild exi-luile any 
(Fig. 1511). 
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Firt^t iin iilU'iiipl wiis iimdc lo corrwt the pnsition of Ihc frag- 
mcnls of the rijilit l«renrm, bv pxposrnp and frociiip them. 
Under the giiidanee of ihe skiagraph a semilunar ineimou in an 



FlO 151.— Case ILLtTBTRATBH B 



Fia I.™. AFTER Win 



oblique (iireilion hhw made. The r^hortcning was overcome bv 
recnrting to foreiblo extension. The fragments were then united 
bv silver-wire Butnre*'. The »k)(7h.« opTanili consisted in freeing 
Ihe obi ndhosions! thoroiighlv with knife anil chisel, and folding 
the arm. so to say, completely. By encircling the two antibrachial 
fragment." with a strong bandage the folded mass could be steadied 
bv an assi.slant, so that the necessary holes could bo bored (Fig. 
151). Ag shown by a skiagraph, taken six weeks after this oiwra- 
tion. the radial fragments were in ideal apposition. The ulnar 
fragments showed slight lateral displacement, while the callue- 
formation had assumed so fortunate a character that no other 
depression or protrusion remained. 

Five days after the first operation the left-sided fracture was 
exposed in the same way. In spite of extensive exposure of the 
fractured area Hk' fragments could not he forced into apposition 
except by shortening them. So the aiilhor made a virtue of neees- 
sity by giving the ends of the fragments a triangular shape, which 
cnaliled him to indent them into each other. .\s the skiagraph 
showed, taken four weeks after tliis operation, the apposition of 
the radial fragments was perfect. The ulna did not show lateral 
deviation, none of the medullar^' linos presenting any axial diver- 
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gcnce. The skiagraph showed, however, that there was a slight 
angle, whidi could be corrected in time by simple pressure. 

Union took place by 

(■■■■^^^H ^ lirst intention without any 

^^^^^^^^^ reaction. The healing 

^^^^^^^^^K on 

^^^^^^^^^1 the side, vhich is 

^^^^^^^^^H the 

^^^^^^^^H suturing. To be 

^B^^^^^^^B was per- 

^K ^^^^^^P feet, the author 

^H ^^^^^H the arm two 

^^h ^^^^^^ after operation, 

^^^k ^^^^^1 off the plaster-of- 

^^^^^^^^H j^ temporarily 

"^^^^^^^^B for the employment 

^^^^^^^H massage. The final 

^^^^^^^^B ])orre(-tly satisfactory. 

^^^^^^^^L^^^^^^ sec how the 

^^^^^^^B^^^^^^k era 

^^^^^^^^^^^^^^^^ 
^^^^^^^^^^^^^^^ the 

^^^^^H^^^^ the exten- 

^^^^^■^^^^ j sivL' a eim- 

^^^K^^^^^ \ Ilk- 

^^^^ ^^^B ■ 
^^^^ ^^^^ J point should 

^^^^ ^^^^^^J ''*^ "^^ ^^' 

^^^^k ^^^^^^1 count the more 
^^^^L ^^^^^H lint 
^^^^k ^^^^^1 induced the 

^^^A ^^^^H of tile suture, con- 

^^^ ^^1 solidntion be 

__^^^^^^^^^H cr more thorough. 

3^^^I^^H^1 lint practice proved 
Fio. 153.— Pkactdhe of Radial Dijti'Hisis. contrary in this instance, 
and it seems to the author 
that indentation permits of more accurate adaptation and im- 
mobilization. At the same time larger surfaces for agglutination 
are obtained, and the soft tissues are less liable to be disturbed. 
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Triiinguliir indontiition of the fragnn'nt« should thcrtforo bo pre- 
ferred wheiicvLT iHDssible. 




Alleued Rbudction. (Com- 



Tlio moiliix iipernmli for iiidenlatidii is pruitii-ally the same aa 
demonstrated \>y Fig. 151. 
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As to further observations on important injuries in this region, 
see chapter on Deformed Fructurcs. 

Fracture of eiilier the radius or the ulna arc generally recog- 
nised without dittiL-ulty. Still, as Fig. 258 shows (chapter 
on Medico-lAgal Af^pctts), frat'ture Hi^ociated with little ar no 
displat-ement might be i-nsily overlooked. In the case of dis- 
placement the radius may Iw pressed against the iilna, so thai 
synostosis takes placL', an event whii-Ii woiilil n-nder rotation im- 
possible. Fig. i'yi illustrates a cHst! in wliieli the upper radial 
fragment was pressed against the ulna. Reposition was made 
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by bending the forearm in the same manner tis a grcenstick is 
crossed over the knee, the iilna resting on the e.lge of a table. 

When it was thought that reposition was perfect a pljister-of- 
Paris drciising was applied. Riit the skiagraph, laken at oni'C 
through the plaster, showed lh;it reposiliou Wiis imperfeel (Fig. 
153); therefore a second efforl was made, which j.roved lo be suc- 
cessful. In Budi cases it is advisable lo fle\ llie oppusile bone as 
much as possible — that is, in isolated radial frai-ture Ihc ulna, and 
in isolated ulnar fracture the radius, must lie benl. 

Fracture of the iihi/n- (liiij/lii/six also shows ii great tendency 
to inward displacement, thus causing the same disturbances ob- 
served in fractures of its fellow, synostosis rendering pronation 
and supination impossible. The same principles apply to the 
correction of this injury as tho.«e emphasized on fracture of the 
radial diaphysis. 

Fig. 154 illustrates the fracture of the ulnar diaphysis of a 
girl of eight years. While the lower fragment did not come in 
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contact with the radius, it still protruded so far that it impaired 
the soft tissues, thereby setting up an inflammatory process. The 
result would have been excessive callus-formation, so that virtually 
the same conditions would prevail as if the ulnar fragment had 
ridden on the inner radial surface. It is evident from the illustra- 
tion that outward pre^<surc must force Ihe fragments in place. 
To hold them in situ the rubber-drainage splints advised for 
metacarpal fracture (see Fig. 165) are recommended in order 
to avoid recurrence of the displacement. Attention is called to 
the bending of the radial diaphysis, which would be permanent if 
it was not corrected synchronously with the reposition of the 
ulnar fragments. In adults such bending is not found, the force 
applied to the ulna generally being sufficiently strong to fracture 
its fellow. 

WRIST 

Xo bone of the human skeleton is so great a source of trouble 
for the practising physician as the radius, and es|H'cially its 
lower end. If it is only appreciated that fracture of the carj)al 
end of this bone is the most fre(|ucnt fracture type — at least 18, 
but perhaps 22 per cent of all fractures — its importance is well 
understood. 

The old dictum, " Qui bene diagnoscit, bene medebitur," 
applies preeminently to the treatment of this fracture, generally 
known as Colles's fracture. In fact the laws that govern the treat- 
ment of this much-disputed injury, and last but not least the final 
results, are entirely determined by a correct diagnosis. The prin- 
ciples of treatment are then reduced to a few points of simple com- 
mon sense. 

Such complete and correct diagnosis could not. as a rule, be 
made before Rontgen's great discovery. It can safely be main- 
tained that in most cases skiagraphy has revealed conditions that 
were not expected, and required the original diagnosis to be more 
or less modified. 

The questions most frequently asked of a surgeon, " How do 
you treat Colles's fracture? " " Do you use long or short splints? '* 
" Do you prefer the plaster-of-Paris dressing or a splint ? " " Are 
you for Dumreicher's, Roser's, Schede's, Braatz's, Gordon's, 
Koelliker's, Moore's, Carr's, Bond's, or Middledorpf's bilateral. 
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or for the old pistol splint of Nelaton ? " " Are you in favour of 

immobilization or of early motion?" etc., show that the essential 
points arc generally overlooked, fracture of the lower end of the 
radius being regarded by many as a constant type, uniformly 
characterized by tlie fracture of the bone an inch above the articu- 
lation, and followed by a silvcr-fork-shapcd deformity of the wrist. 
This point of view is inadequate and erroneous. It has been 
found that the anatomical aspects of the various forms of frac- 
ture of the lower end of the radius differ in fact more than those 
of any other fracture, and it is self- 

r evident that such variants must 
greatly influence the manner of 
treatment. 
In the first place, the question 
whether the fracture-line is intra- 
articular or extra-articular is of 
great importance, because for a 
simple extra-articular fracture and 
a Y-shaped intra-articular fracture 
different therapeutic means must 
be sought. Again, the varying re- 
lations of the fracture of the radius 
to its fellow, the ulna, influences 
the plan of treatment considerably. 
It is but natural that our 

directed by fuller clinical expe- 
rience and anatomical observation. 
In the short space of time which has elapsed since Rontgen's 
discovery, it has been found that the anatomical aspect of the 
fracture of tlic carpal end of the radius (inaccurately called 
Colles's fracture) shows a number of types. It is true that the 
majority of cases are characterized by a breach of continuity from 
10-30 millimetres above the articular surface of the carpal epiphy- 
sis, which, on account of a peculiar turn of the lower fragment, 
causes that deformity of the wrist which is compared with a fork 
(displacement a la fotirchetfe) or with a bayonet, or with a flat Z 
(Fig, 155). But besides this type, first described by Coltes, there 
still remains a large group differing from it materially. Without 
imdervaluing the great work of our surgical masters before the 
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Rontgen era, and particularly commending the work of Nelaton, 
Velpeau, Volkmann, and Koenig, we must still say that the rays 
furnish the most convincing proof of the necessity of modifying 
their interpretations of this injury. Thus, having regard to old 
experience as well as to information recently gained, the author 
has tried to classify those different forms of this much disputed 
fracture which appear to be most characteristic, and must ac- 
cordingly demand different therapeutic measures; and if we bear 
in mind the frequency of fractures of this type, and believe they 
represent 22 per cent of all fractures, the importance of a detailed 
diagnosis needs no further argumentation. 

The author distinguishes the following varieties of fracture of 
the lower end of the radius: (1) Simple extra-articular fracture 
without displacement (Colles's fracture) ; (2) epiphyseal (chon- 
dro-epiphyseal and osteo-epiphyseal) separation; (3) fissure; (4) 
simple or multiple fracture, with displacement; (5) fracture of 
the carpal end of the radius associated with fracture of the styloid 
process of the ulna; (6) fracture of the carpal end of the radius 
associated with fissure, fracture, or dislocation of the lower end 
of the ulna; (7) fracture of the carpal end of the radius associ- 
ated with fissure or fracture of a carpal bone (sometimes also with 
the end of the ulna). The last six varieties may be intra-articular 
as well as extra-articular; (8) fracture of little bone portions 
(chips), generally extra-articular. 

Simple subcutaneous fractures showing little or no displace- 
ment often heal without, or in spite of, any treatment, as the 
long sin-register of quackery will demonstrate. The number of 
fractures not recognised as such during treatment is legion. The 
treatment in such cases is often simply a question of comfort, 
which may be obtained by encircling the wrist with a bracelet of 
moss-board. 

This appliance sufficiently immobilizes the wrist and at the 
same time permits enough motion to counteract the formation 
of adhesions in the sheaths of the tendons. The patient carries 
his hand in a sling in such a manner that the ulnar margin rests 
on it. Thus free motion of the hand is permitted. The patient 
is told to move his fingers as in playing the piano ; and the author 
finds it very useful to advise him to grasp marbles of moderate 
size and to roll them around in the palm of the hand. Patients 
are generally willing to keep these marbles in their pockets and 
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play with them while reading or conversing or walking around. 
If motion is tliiiB constantly kept up, massage treatment as well 
Rs forcible motion can be tlispcnsed with, and recovery is perfect 
in four weeks, or sometimes even in three. Most of tliese 
fractures lielng extra-urlicnhir, articular effusion is generally 
absent. 

If the fraeture-liiie estends into the joint. dis|)lncement usu- 
ally follows. The ohliijuc fracture of the lower end of the radius 
has, as far as the aiillior's knowledge goes, not yet been doscrihed. 
The author has observed it in adults only. It looks as if the frac- 
ture-lines were longilndiiiu! at the articular surface, the upjwr 
fragment iippeiiring as a triangnlar piece of Imne. The apex of 
this piece begins about an inch from the wrist, while the base 
carries part of the joint surfaces, so ihat Ihc li>wer as well as the 
upper show articular surfaces. If there is no displacement, the 
treatment is the same as in diaphyseal separation, or ccniiplete 
fracture without tendency to displacement. In the triangular type, 
however, in view of the inlra-arlicular inversion, it is preferable 
to apply a plastcr-of-Paris dressing imniiKlialely after the injury 
is sustained. (See illustration in Journal of the American Medi- 
cal Association, June 5, 1002.) 

But whenever displacement of the fragment takes plac-e, accu- 
rate reiwsition is the tunilitio sine qua iioii. 

Then the modus operandi of reduction depends upon the 
type of dispjaeemont. In the majority of cases the lower frag- 
ment is directed upward, so that there is dorsal prominence, the 
joint not being concerned. In such cases (generally called 
typical f'olles's fracture) the shape of the defonnefi wrist resem- 
bles that of a bayiniet or a fork (Fig. 15.)). The Himtpen rays 
have shown, however, that the upward displacement ns a rule is 
associated with sideward displacement, generally in an outward 
direction, causing radial inversion, and consequently slight short- 
ening of the radial a\is. In such cases (ho clinical diagnosis is 
not difficult. The lower fragnicnl pushes towards ihc dorsum, 
at which a prominence is seen, near (he wrist, corresponding to 
a groove at the site of the upper end of the fragment. The upper 
(diaphyseal) fragment presses against the flexors, producing a 
prominence further upwards. The greater the prominence, the 
shorter is the radial axis. Crepitus is, even in these typical cases, 
often absent. In a number of cases, however, the direction of 
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the dis|jliitfmunt is fouml to bo towanlc the ulna, even if the 
(linpliysis in iint proiiiited. 

Thfri' tint almi ii niniihiT of t-tiwn ohscrvcil hy thi- author as 
well us by others where the lower frajimcnt is tiirneil baekward 

jiroiiml the trjinsversi' axi?:. Sonictiiiii-s the siigiltiil axis of ilu' 
lower frafriiu'iit is tiinipd nroiind. The oblique type (triau-iiilar 
frofrineni), in which the joint surface is split, has Ijeen spoken of 
alHive. A rare form is llie detiiebnu'nt of llie poslcriiir border of 
iho joint surface. Holx'rts iilso oWrved forward dis]ihu-enienl of 




the fra;rnieTi(s. ilosi ..I' these forms can only In- diajriiosliciited hy 
the Riintfjcn rays. 

By Uin^' upwardly dislod;;cd. ihi- lower frajiinenl, in typical 
eases, is bmn^dit inio sU^ihl siipinalion. whih' the diaphysis is in 
de.-i.led pronation. The epiphysis Ix-iuf: in very i-hw conuecti-m 
with the ulna, the fortner is sii;;htly pushed t.iwards the ulua if 
the lijranicntons connection In-lween the radial frajiment and the 
ulna remains intact. This pltennnienon finds its conspicuous Hin- 
ical expression in Ibe lateral prominence of the lower end of the 
ulna. Fi^'. l.'if!, for instance, shows a condiinaiion of upward and 
inward dispbieenient of the lower fragment, followed hv outward 
I>endint.'or theulna. 

Whenever disjilaeenient demands rc|msition the nssistunre of 
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one or Iwo jHii-soiis is tWirable, wlio sliould mnkL' cnimtpr-exten- 
sion while the surgeon replaces the tJisplaced fragment. After 
the exact situation of the fragments is ascertained by the fluoro- 
scope, the surgeon knows at once how to replace it in its fonner 
and normal position. This is done by making manipulations, 
either in the way of pressing sideward and turning the fragment, 
or bj putting the wrist at a proper angle, and thus correcting the 
abnormal direction. It is needless to say that upward displace- 

Fia. l.i'.— OBLIttLR ISTBI-IRTICDLIB FRACTCKE. ASSOCIATED WITH SPIRAL- 
SUAPED FRICTUHB OF LOWEK END OP UlNA, 

nient requires pressure from above downward; outward displace- 
ment, pressure from within; and inward displacement, pressure 
from without. 

The oblifjue triangular type generally requires downward and 
inward pressure. In Fig. 1.'»7, however, which shows this triangu- 
lar tjTie associated with spiral fracture of the ulna, the triangular 
fragment is turned upward and inward, so that downward and 
outward pressure is required for reduction. 

The author grasps the hand of the patient as in a firm hand- 
shake by the left hand, while the patient's thumb is held by his 
right hand, so that his thumb presses the fragment downward while 
his index-finger presses it inward at the saine time. If the direc- 
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tion of the displacement is towards the ulna, he grasps the pa- 
tient's hand, including the thumb, with his own right hand, and 
pushes the fragment outward with his left thumb while he supports 
the flexor aspect with the rest of his hand. During these manipu- 
lations counter-extension must be exerted at the lower end of the 
arm. If it is impossible to reduce the fragment in this manner, 
anaesthesia must be employed. This manoeuvre is sometimes facil- 
itated by placing a book or a piece of wood underneath the ulna 
at the edge of a table. 

Reposition of the fragments in fractures of this type seldom 
fails since the Rontgen rays became such a reliable guide. Even 
in impacted fractures the interlocked fragments can be disen- 
tangled. 

If there is a simultaneous injury of the lower end of the ulna 
showing displacement, special care must be taken to press the frag- 
ment into its normal place. 

In multiple fractures, even in the much dreaded Y-shaped 
variety, the articular arch of the radius may sometimes be restored 
by repeated efforts of reposition, controlled and corrected by the 
Rontgen rays. 

After reposition is accomplished a fixed dressing must be em- 
ployed for the purpose of retaining the fragments in their proper 
positions. This is not always easy. The author finds that no 
dressing accomplishes the purpose of retaining the fragments bet- 
ter than plaster of Paris, since it adapts itself to the contours of 
the wrist in any desired shape or direction, and can be adapted 
to the individuality of each case. 

Before the Rontgen era the fear of ischemia and gangrene 
prevented the author from using it immediately after the injury. 
Now that the premises of ischsemia are known to be wanting as 
soon as the pressure of displaced fragments is removed, such fear 
is uncalled for. So, while in former years the author applied 
splints first and resorted to the plaster-of-Paris dressing four to 
seven days afterward, he now applies the plaster dressing imme- 
diately after reduction, resorting to the splint treatment a week 
or two later, as the case may require. If the protruding fragment 
is not reduced, gangrene of the overlying soft tissues may be pro- 
duced by any kind of dressing. In the Journal of the American 
Medical Association, November, 1902, two illustrations showing 
extensive gangrene at the dorsum as well as on the palm, which 
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was faiiHeil by Wf!l-pu(ld«! splints, wore presented. Xo effort at 
reiluelioii lia<l lieen iiiaile. Such results are of ^avc c-onseqiience 
for the patient as well as for the Burgeon. 

If the direction of the displacement is slightly upwanl. or 
lipwanl and tuitward (V\g. 158). a plaster-of-1'iiris dri.'.-siiiL' iiti- 

PlO. 1M— OuTWAnn DISH.ACKVF.NT IS FHACTI'RB OF TVf LoWEtt EM> OF Tfl 
R*UIUB, l\ 1 WOMAX OF SiXlV YkIUS-KoUH Dil> 4KTEII TLIK I>JlHr. * 

bracitift the (hiinili (the direction of the timiiil* inflnenci^ that of 
the fnijiment to a jireat extent) is applied {Fis. ^^9). The hand 
is moderately flexed at the same time. If gentle prcsBure with the 
iiidex-fintier does not sulliee to kcvp ihe fnif^nient down, it must be 
pressed down by a signet around which llie bandages are wound. 
After the splint is fastened with a bandage, the flnnro[ieo|>p shows 
whether the fragment is in a dosintbte position. A dorsopalniar 
as well as a lateral examination innsi Ix' made, l)eoaiise an antero- 
posterior view only shows whether there is any npward disptaee- 
inent left. 

If the fluoroseope shows inijierfeet adnptation, the hamlage 
must be removed and reposition done over again. Under sneh eir- 
eumslanees the fragment may U'tler be retained if the thiimh is 
pulled in an outward direction while the hand is shifted to the 
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opposite cide. A pi iister-of- Paris dressing, applied in tliis posi- 
tion, resembles the old pistol splint ot Nelaton. Of course the 
outward bending can be ineroast'd ad libilum. A surgeon must not 
lose patience if his efforts fail several times. By the fluoroscopic 
guidance he will at last surely find the proper angle, or in other 
words, the most suitable position and shape of the dressing or 
splint for his individual case. A recognised mistake often suggests 
the bi-st mode of correction. 

If the displaced fragment is directe<l towards the ulna, in 
which case there is generally an outward bonding of the ulna 
present, immobilization is kept up best by turning the hand in- 
ward (compare Fig. l.i(i). After a week the dressing must be 
removed, and if the oedema has disappeared, a plastcr-of-Paris 
splint, moulded after the same principles, may be substituted, 
wliicb can be taken off temporarily, so that mas-sage treatment may 
be employed if necessary. The essential part of these splints is 
the encircling of the thumb, which guarantees absolute immobil- 
ization. 

In the multiple T-.'haped or Y-shaped variety there are gen- 
erally two diverging fragments, one being shifted towards the 
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ulna and the other outwardly. By pressing these fragments 
asunder, so to say, the diaphysis is made to push itself forward 
so that it touches the scaphoid bone, the arm consequently being 
shortened. Here the circular plaster-of- Paris dressing in abduc- 
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tion is indicated. After that fragment, which is outwardly dis- 
placeil, is prceseil forward, a pad of adhesive plaster is placed above 
it. The fragment which is displaced towards the ulna must be 
shifted in the direction of the radius. To prevent slipping back 
a rubber drainage-lulx' is placed lictween il and the ulna at the 
doFRal asiKK't. By gentle prcwsiire it is squeezed down into tha 
interosR-ouK space, and kept in situ by ptrips of narrow adhesive 
plaster, which do not entirely surround the arm. 

Sini-e this ty|)c is intra -articular, it is understood that there is 
always n well-marked e.x Ira vacation which may even extend over 
the sheaths of [he tendons, so that palpation is rendered difficult. 
There massage is hest employed to remove the extravasation. 
Xaturally, its presence renders a detailed diagnosis impossible 
except by the rays. 

Among all the different varieties of fracture of the small end 
of the radius these intra-articular injuries are most serious. Only 
continuous control by the aid of the Riintgen raVs of the proper 
position of the fragments, together with repeated correction, will 
give a fair result. 

Fig. 1.") shows a nuiltiple fracture followed by slight displace- 
ment of the lower fragments. Especially that fragment which 
mainly consists of the styloid process of the radius is shifted down- 
ward, thus destroying the symmetry of the wrist-arch. It is very 
difllcult and often impossible to reduce a lower fragment of this 
character properly: still much can be done by hc'mg able to locate 
it exactly on the basis of skiagraphic knowledge. In this case, 
which concerned a man of fifty-five years, the result was nearly 
perfect. Being of the intra -articular type, the injury was followed 
by the formation of adhesions, which were destroyed during after- 
treatment. 

In the case of considerable comminution, a perfect rcxfUiilio in 
iiiffgrvm cannot lie promised. A skiagraph taken at the earliest 
possible moment is then a vahiahlc document for the surgeon, 
since it proves the great diflliculty of perfect reposition of the 
splinters. 

In the case of a woman of twenty-five years the lower fragment 
was turned towards the nlna and also around its axis (see Medical 
News, September 11, IftO.I). Jt goes without saying that this 
extraordinary degree of displacement showed considerable deform- 
ity. Reposition was accomplished without antesthesia, the wrist 
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being immobilized in supenibdui-tion. A skiagraph, taken 
through the iilasttT-of-Pflris droissing, i^lmwed that the abduction 
was overdone, therefore another dressing whs applied in moderate 
abduction. ThiK position showed the fragments in better coapta- 
tion, but there wnw a lendemy of the ulnar nidc of the fragment 
to projcs't upward, piirttally filling up Ihe interossectus space. 
Kbistie )irivsure, recommendetl hy Ibc author in the treatment of 
nielacar|i;d jis well as mi'tatarsjil fnutiiro. uho proved to be useful 
in Ihis iiw. A sinall piiix' of nihl»er drainage-tube (the diameter 
of a large ]N-n<-il) wa:' )ila<rd alongside lh<' interosseous space and 
fastened there wiih ;i small slri]i of ndbesivc pliister. Now the 
skiagraph showed perrecl julaplation. Tluil it had sjiokeii trulh- 
ftilly WHS evident from the ahsenie of reaction, which should have 
Ixfu fxjx-cted in view of llie enormous degree of displacemont and 
by the six-ody and bliimeless recovery. 

There is no doulil thai good results can Ik" obtained by other 
nienns of immobilization, provided lliey are pnnedeil by proper 
n>posilioii eonlrolled hy the Rimtgen light. 

The author ronfessos fnn'Iy that he often thought that he had 
rednced a disiiliu-('<l fragment completely Ixvnuso pjil|)ation seemed 
to give thorough satisfaction. But be sometimes was not a little 
surprised that the Riintgen plate showed bim most inijtolilely how 
ill he had suee.r.led in his alleged reposition. 

Tlie main principles of treatment are (he same for the other 
tyjK's of fracture of llie lower end of the radius. There are. how- 
ever, several modifications ai'cording to (heir different anatomy. 

Tf in rlioti'lro-f/iiiihii.trn} xffviralion no sideward displacouient 
exists, the an tero-jiost prior p.xposure shows nothing abnormal, while 
a side view may disclose considerable upward displacement, as i» 
shown hy Fig, Ififl, for instance, the anterior view of which re- 
voahil apparently normal relations. Such cases are liest treated by 
gentle downward pressure without nsing counter-extension and the 
apiilieation of a plaster-of-Paris dressing in extension. If a lateral 
view shows any sideward displacement under the dressing, a pad 
of adliesive idastcr is attached to the skin above the lower frag- 
ment and the dressing reafiplied. 

In DMfn-i-fiijihijfienl spftarniinn. where the fracture-line is not 
lindtcd to Ibe epiphyseal cartilage, but extends to the diaphysis, 
a greater tendency to displacement is observed. The principles of 
treatment are the same as that of the complete fracture described 
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above, puice the tendencies to the varioMS forms of displacement 
are the same. 

Fracture of tiie totver end of the radius associated with fracture 
of the styhid process of the ulna is rather frequent (see Fig. 26) 
The author's own atatifitiea show that the styloid proeess is in- 
volved in 2G per cent of the cases. Tiiis co-injury was discov- 
ered long before Rontgen by N^Iaton and Velpeau. and studiec 
especially in this country by Pileher, Roberts, Freeman. Corson, 
Thomas, Don, Haughton, and Colton. The author recommends a 

i^nr ■ 

Fia. laU.— tJpWJlltn DliPLACBMKHT IN CHONSKO-BriPHTSEU. Sei-xratioh. 

circular plaster-of- Paris dressing in moderate adduction for this 
typo. Sometimes it is possible to grasp the process and push it 
)ack into its proper place. This is easily provided if the process 
s displaced outward, but in case of inward displacement reposi- 
tion is much more difficult. The author has found it useful to 
iress this fragment outward by pushing the dull end of a pencil 
jetween the procws and the radius, and keeping it there until the 
dressing is completed, the bandages Iwing wound around the pen- 
cil. A small piece of rubber tube may also be placed there. 

A small amount of pressure often suffices to push the fragment 
into position, while after the lapse of weeks the inversion of the 
jrocesB may cause intense pain on any effort nf bending the wrist, 
so that removal by chisel may have to be considered. 
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In fractures of the lower end of the radius associated with dis- 
location of the ulna, the lower radial fragment generally rides 
on the diaphysis, the latter protruding at the flexor aspect and the 
former at the dorsum. The ulnar end then overlaps the carpus. 
Only a considerable degree of violence can produce this rare injury. 
In such cases the arm is shortened at least an inch (Fig. 162). 
Reduction is easier than retention after reduction. Sometimes an 
extension-splint will answer, but in the majority of cases wiring 
of the radial fragments is better done at once, and the patient 
should be thoroughly informed of the grave nature of the injury. 

Fig. 163 illustrates the condition after operation. 

Fracture of the lower end of the radius associated with fissure 
of the neck of the ulna is treated after the same principles as the 
complete fracture of the lower end of the radius. This applies 
also to fracture without displacement. But if there be displace- 
ment, generally outward bending of the lower fragment, some- 
times in spiral shape, as in Fig. 157, a plaster-of-Paris splint in 
moderate adduction is applied after reposition. A pad of adhesive 
plaster is also placed at the outer aspect of the ulna. Should 
there be any inversion, a small rubber-drain must be pressed in the 
interosseous space. 

Fig. 161 shows a case of this type, in which the violence in- 
flicted upon the radial fragment was continued upon the lower 
end of the ulna, causing fracture. 

Another co-injury, the transverse fracture of the scaphoid 
bone, deserves thorough attention. Fortunately, as a rule, but 
little or no displacement is present, but the character of the injury 
being intra-articular, it is appreciated that there is considerable 
intra-articular effusion, which is largely responsible for the great 
tendencv to adhesion formation in these cases. The treatment is 
practically the same as that for the fracture described above, with 
the difference that motion must begin early. It is therefore ad- 
visable to remove the circular dressing somewhat earlier than in 
other typos and to substitute a plaster-of-Paris splint, the same 
shape. This splint may be taken off temporarily every day so that 
gentle massage can be commenced. 

Fracture of little bone portions (chips), generally of the 
extra-articular type, are often confounded with contusion or dis- 
tortion. In such cases massage treatment is manifestly inappro- 
priate; the treatment should be carried on after the principles of 
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the Irt'ulnic'nt nf fracturen^viz., immobilizatioti. Thiii i^lioiild bo 
kept up for the first week after the injury al least, and afli.T the 
little fragments are redressed. 

Sueh chips are ^otnetiines no longer than the head of a pin, 
and if they are separated from the dorsa! or palmar surface of 
the radius, may not lie at all conspicmms on tlie skingraphic plat«, 
while a lateral expouure will show them. 

If the ma^^Hge Ireatnicnl sn eoinniendahle in eonluBiim is Mse<l 
in these easec it is not surprising that the patient Ifwomes rebel- 
lious, it is indci'd not at all indifferent whether a simple bloody 
effusion or keen-edged Iiinie-f ragmen Is are kneaded. 

It is deplorable that up to tlie present the question of correct- 
ing the deformities must still be considered. Two or three week;^ 





after the injury correction is pos.sible hy simple refraeture. After 
the lapse of four to five weeks the only remedy consists in osteot- 
omy in the fracture-line. Aged persons suffering from deformity 
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of this kind are exempted (sco Fig. 161), If they siiffer while 
motion is made, immobilizafinn is best kept up with a moss brace- 
lot until ankylosis of the wrist has taken pUfe. Sometimes a small 
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wedge must Ik- exsivteil from lln' ulna in order to permit of per- 
fect reposition. 

Such operations must be performed under the strictest aseptic 
precaiitionc, fearinj; of the wound Mjres must be avoided, and the 
wound itself should come in contact with the hands of the surgeon 
as little as possible, since all the work can be done with well-ster- 
ilized instruments. If the Hontpen rays show that the efforts of 
early reposition were unsneeessful, although anceslhesia was em- 
ployed, it is much wiser to expose the fragments by open incision 
at once than to wait until the tissues around the area of faulty 
union degenerate. As soon as the bloody effusion is al)sorl)iil the 
operation should be performed. Isolated bone splinters, the peri- 
osteum nf which shows no more coherence, must be removed. If 
the fragments cannot be brought into apposition by simple reduc- 
tion, then the ends must be trimmed properly with wire, saw, or 
chisel, and either indentatcd or wired. 
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Fig. 162 shows the fracture of the lower eud of the radius, 
followed by overlapping of the lower fragment and associated 
with palmar dislocation of the ulna. The prolrusiou at the flexor 
aspect corresponds to the projection of the diaphyseal end, while 
the dorsal proiiiinenee indicated the riding of the epiphysis. The 
skiagraph also shows the forward dielocalion of Ihe ulna, the exteni 
of which is proportioned to the amount of rielding on the part ol 
tiji; ^'injiiiy^i'iil fragments. Consequently the arm was shortened. 

Fio. 103.— Task Illustkated bt Fio. 164, aftbii Opekation, the Trimmed 

KaDIAI. FBAOXaSTS BBIN.) 1« AmiSlTl..« AFTER COHliKtTIOB Of THE Ul-NAB 

POKTION. (Tmken throagh the pJuitor-ftf-P&ris iirmBin|{.) 

Skiagraph (Fig. ](i3), taken through the plastcr-of-Paris dressing 
two days after osteotomy, shows tlto trimmed radial fragments in 
apposition and the dislocated portion of the ulna resected. Con- 
sequently the extremity became an inch shorter. 

Ah to tuberculosis of the wrist, the carpus, metacarpus, and 
phalanges, frequent in children, which can bo well studied and 
TGated under the guidance of the rays, the reader is referred to 
;heir respective sections. 

HAND 

The hand is the easiest object for Eiintgen examination. It 
may he fluoroscoped in the dorsal as well as in the palmar position, 


1 
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the best skiagraphic results being obtained if the dorsum rests on 
the plate. 

Especially the interpretation of the small carpal bones is some- 
times difficult, and no judgment should be passed without having 
them exposed in at least two different projection planes — that is, 
preferably in the postero-anterior and in the lateral position. In 
children the hand is fastened to the plate with a gauze bandage, a 
soft tube being employed. In very lively children short exposures 
must be taken, the hand being held down firmly by an assistant. 
A fairly good skiagraph may be obtained in one or two seconds, 
a tube of medium liardness then being needed. 

The dorsal position is uncomfortable, therefore support with 
sand-bags is indispensable. Children may assume the recumbent 
position if a dorsal exposure is chosen. The hand of an adult can 
be taken in fifteen seconds. Most skiagraphs of the hand are 
over-exposed, the contrasts then not being apparent. A good skia- 
graph of the hand shows the soft parts to a great extent, espe- 
cially the muscles from which even the finger-nails must be differ- 
entiated. Diaphragms are not required in the examination of the 
hand. 

Fracture of the carpal bones received consideration in connec- 
tion with the description of fracture of the lower end of the 
radius. The isolated fractures of the carpus are rare. 

Fig. 1G4 illustrates the fracture of the scaphoid bone in a 
woman of sixty years, caused by a fall on the outstretched hand. 
In this case a contusion of the wrist must have taken place, the 
force inflicted upon the very strong radial end having been trans- 
ferred upon the less resisting scaphoid bone. 

As to fractures of other carpal bones (os lunatum), the reader 
is referred to Annals of Surgery, August, 1901. 

The fractures of the carpus are undoubtedly more frequent 
than is generally assumed. But they were not recognised for- 
mer! v. 

Metacarpus. — The Rontgen rays have also shaken the old dic- 
tum of the rarity of fracture of the metacarpal bones. There can 
now be no more doubt that a large number of alleged dislocations 
and contusions of the metacarpus were, in fact, either complete 
fractures in adults or separations of the epiphyses in children. 

In most cases, displacement of the fragments being absent, 
and the other metacarpal bones serving to a certain extent as 
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fpiiTili^. il is iiiilurnl tlmt llii- rc(;iills in flicw? enscs wt-rc iipariy 
always go<Kl. no niatler whiit troaliiionl wns L*rii|iloyi-Hl ; Llie panl 
hor. rrgo /trofilcr hoc lifiiig suflk-ipnt evidence for the superficial 




PlQ. Hil.-lM.I,»TKl> KlUtlUilK HIT SLil-IHllU UONE. 

iWnor. If. Ik.wi-v.t, iir liiul nsrd tlic Kiiiilpeii rflys. hv would 
ijivo W'en imt a lilllc -inriiriH'd I" (iiid. in Kiieli n pnsp. tlip evi- 
Iftiic .)f )i fnicliirc; wliik- iit lUe t^tirni- time he eonld connrHliilali' 
limwlf that in epito of lii» ireiilinent fur tiinipli' (•ontusioii the 
resHlt was so fierfecl. 

In the evont nf displacement ihe res^idt would he somewhat 
different- If the displsronipnt is in the dor^fll direction, it is not 
mly easily recopnised. but also rrduecd and kepi in place without 
diflieulty by roaplntion splints. But if the displawnicnt, as it 
iflen oecnrs. h sideways. Ihe result may Iw very unsatisfactory, 
he remaining deformity and disturhance of function heinjr eonsid- 
ernhle. If a comnion labourer is coneerned. hnt liltle im-onven- 
ence may he caused hy it; bnt if a person whose hands must do 
delicate work, like n musician, watchmaker, cabinetmaker, or, last 
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but not Itast. u ]iliy!>i(-iiiii, if tlif viitlin, bndly iinitiHl inctacurpiil 
frag I lie II ts of Ihe right hand niaj" seriously interfere with hiri pro- 
fessional work. 

Keduc'lion of the «]ispIaco<l fraj^niouts never offers any insur- 
mountable obstaoles; but to hold Iheni in place is a far more com- 
plicated tack, and the reiurreiiee of the displaecment under the 
usual immobilizing methods shows Iheir insuffit-ieney in the end. 

The question now is, What is to l)o our gnidc in estimating 
the value of a given immobilizing mclliod l>cfore consolidation 
has taken place? In former years wq used to judge the value of 
one or another method by the 
final result. But now, just as 
we estimate the valui' of a 
perm-destroying method lirst 
of all by bacteriological ex- 
periment, so we are able to 
judge by irradiation at the 
very beginning. If the im- 
mohiliKiug drcssii)g is pcrfeil, 
Ihe formerly displaced frag- 
ments must be found in exact 
apposition when skiagraphed 
through the dressing. 

Variousexi>eriments showed 
the author that the metai-ar- 
pa! fragments are invariably 
held in place by elaslie press- 
ure. Fur this piir]")se two 
nihlH'r dniiiuige-lulK-s ol mod- 
erate size are chosen, which 
are lightly pressed into the 
adjoining interosseous spaces, 
so that they fill them up to a 

certain extent. They are kept i« silii by adhesive-plaster strips 
(Fig. Hl.'i). Thus the recurrence of the displacement is prohiliilod. 
The whole is surrounded then by a moss-splint, a material which, 
after being dipped in cold water, adapts itself lo the contours of 
the hand like a plaster-of -Paris splint, over which it possesses the 
great advantages of being absorbent and much lighter. 

In Ihe case of a young man, who sustained fracture of the 
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fourth iiK'facarpal >x)ne in its middle afi a result of direct violence, 
considerablu lateral ilisijlawinent was produced (Fig. 16G). Repo- 
sition was easily accomplished and the fracture area was carefully 

J 

Flu. iM^—fiuiiiui. ur l.\ai(iii MKrtniii-,1. Hosi-, , ,,i ,-iM.i Sii,i^«aiu. Dl»- 

1-l.ACEMENT. HJomiBIt tig. llil.J 

surrounded by narrow padt-, whicli were supported by adhesive 
alasler. A long palmar extension splint was then applied. 

There was no swelling of the lingers nor any sign of discom- 
fort. But when examining the metacarpus two weeks later with a 
view lo leaving the splints off, the author found that the fragments 
tiad slipped by each other again. He then seriously considered 
other means of immobilization. After filling up the interosseous 
grooves between the fourth metacarjial bone and the little finger 
on one side and the third one on the other with two rubber drain- 
age-tubes, the author took a skiagraph, which showed the frag- 
ments in ideal apposition. Shortly afterward he removed the rub- 
ser Inbes, and then the displacement recurred at once. From this 
we also learn that it is unwise to rely upon the old dictum that 
metacarpn] fractures show perfect consolidation after three weeks. 
We should consult the Riinfgen rays before satisfying ourselves as 
to the question of impeirable union. (As to further details, see 
New York Medical Journal, August 1, 1900.) 


■ 
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Fig. 167 illustrates the fracture of the second mctncarpus in 
a man of twenty-three years. There was but a slight degree of 
sideward displacement, still the sharp point of the lower fragment 
projected to the soft tissues, causing much irritation. As soon 
as inward and downward pressure was exercised the pain ceased. 

Fig, 168 shows fractures of the fifth metacarpus. There is 
good apposition, but much ensheathing ciillns, which caused adhe- 
sions to the soft tissues, so that the function was much disturbed. 
Thus the patient, a young professional violinist, may be prevented 
from following the footsteps of Paganini. 

Immobilization had been attempted in this case by a short 
phalangeal splint. While reposition as well as immobilization of 
the fifth metacarpal bone is easier than that of any of its fellows, 
the fragments cannot be held in silu by simple pressure from with- 




Fto. IflT.— FnitcTUHB or rni Hbcond Metacakf^l Bomb. 



out, a nibber drainage-splint should therefore be placed in the 
space between them and the fourth metacarpal bone. 

Fig. 169 ilJusfrates the deformed fracture of the secoml meta- 
carpal bone in a musician of forty years. The fracture was sus- 
tained fifteen years before the skiagraph was taken, and until then 
a dislocation had been assumed. The career of the patient was 
greatly impaired, as he had to descend from his pedestal as a mas- 
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ICT of iliP lHiss<><.ii lu i!r' -Iriitii. If Ihe rays lia.l l.wii .liscnv- 
ercd at the tinu! of tin; inj\irv this would probably have been 
averted. An elfort whs niodf by the author to reduce tile frag- 
ment after mobilizing it with the chiBel, but this i)rove<t to bo im- 
priietitable, therefore the fragment was removed. Thus an im- 
Iiediment for freo iiiotiiin was eliminated. An far as the short 
obf^orvation of the t/use shows llic result ia jK-rfect, so that the 
jiiitif'tit niitv ftlill l)p able to perform liijrher grudwl work. 

Fhalanges. — W'liilf the signs of frac-ture of the phalanges are 
wi'll itmrkcd, tluTe are eases in whieh difTerentiatioii from dis- 
iDi-atiun or inlbiimiialorv proees.scs is difficult. The Rontgen 
nielhoil. of course, irives the nioct preeise information. Soine- 




tHa KNdllEtTlIIKii (Jalluh, 

Limps a fraeliire i* reeognised hy jMilpation, but a umnbcr of asso- 
ciated iujiirii's are overimiked. 'I'lic skiagrapli g'won a splendid 
general view in sueli an instance, calling attention In points which 
were not thought of. 
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In treating phnlnnpeal fractures it is recommended to use the 
niblHT tlniiniigp-splints advii^ed bv the tnitlior, and to confine the 
whole hand. This may be done by a palmar splint or a short 
plaster-of-Paris dressing, at least for the week following the in- 






jury. Then a short wooden phalangeal splinl may be resorted to. 
The nnieh-fnvmircd cardboard splinl seems to be uwefiil. but is not 
firm cnoiifrh, an is shown by skingrapliv, and .•^honld therefore be 
diseardeil. 

Foreign bodies in the hand are easily shown. Especially 
needles in the palm often come under llie observation of the prac- 
titioner. 



CHAPTER XII 

MALFORMATIONS 

As previously mentioned, the great scientific and practical 
value of the Riintgen rays ia also evident in the study of congenital 
malformations. Skiagraphy of the extremities especially has given 
more valuable information than dissection. The exact anatomical 
diagnosis that it enables us to make infornie us whether surgical 
interference in a case of malformation is possible, and if so, out- 
lines clearly our modus operandi beforehand. The ingenious oper- 
ations of Bardenheuer (division of the ulna for carpal implanta- 
tion) and of von Eiselsberg (transplantation of the toe), and the 
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works of Kirmisson, Vulpius, Middleton, Pagenstocher, von 
Bardeleben, Joaehinisthal, Seliede, Lambert, and Grunmach fur- 
nish most brilliant testimony to our progress in this direction. 
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Fortunately the most frequent abnormality is the one that can 
bo easily rcmctlied — namely, polydncti/lutm. If there is but a rudi- 
mentary finger attached loosely by a pedicle and containing no 




Fio. 1?I.~-Het\tah9ai, Syhobtosw in a Babt. 



phalanges at all, removal is very t-imple. But when, as is the rule, 
there is a true h u per nu mora ry digit articulating with another 
phalanx or the head or side of a metacarpal bone, the site of exar- 
ticulation must be well known before the operation. Otherwise 
the letter developed phalanx may be sacrificed. 

Symlaclylism, while not so frequent as polydactylism, also 
represents a large group of cases of malformation of the upper 
extremity, and is likewise amenable to operative interference. 

In a case of syndactylium in a boy of eight months, the second, 
third, and fourth digits appeared to be fused together, each one 
of ihem, however, possessing its own nail. The skiagraph (Fig. 
I'O) sbowc'l fusion of the iirat and second phalanges of the third 
and fourth digits, while their third phalanges were free. The little 
finger wa.* more developed than the slightly deformed thumb. The 
carpu!! was not yet ossified, and therefore showed no shade. Under 
the gui<lance of the Sontgen rays it was easy to divide the pha- 
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langes. The middle finger was protected easily by a large longi- 
tudinal flap from the dorsal surface of the hand. The other two 
fingers were covered wilh their integument, longitudinal flapt! being 
formed from the palmar sur- 
face for the second finger, 
ami another one from the 
dorsal side of the fourth. 
The final result wa.s good, 

Syndactylium is some- 
times found simultaneously 
in botli e.vtremitics. Fig. 
171 illuslrates metatarsal 
sjTiostosis in a bahy. 

Congenital deficiencies 
arc naturally much less 
amenable to correction. But 
that surgery is not without 
re.>;ources even in desperate 
cases of this kind in made 
evident by the transplanta- 
tion of a toe to the hand, 
successfully undertaken by 
von Eiselsberg. 

Fig. 1T3 illustrates the 
case of a child of eight 
months whose second, third, 
and fourth fingers, as well as 
liis second, third, and fourth 
toes wiTc webl>ed. Palpa- 
tion did not show whether 
there was synostosis or not. 
As the bones were very near together, the impression prevailed that 
ihere was. But Hie skiagraph gnve the information that the pha- 
langes were well developed individually, and thiit therefore they 
did not need to form the object of an operation, the skin being the 
only part to be considered. A planfic operation performed then 
showed that the j)halanges could be separated from each other 
without dissection. 

The toes were left alone. 

In hrachydactylism, combined with ectrodactylism, the Kont- 
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gen rays have also proved to be of great value. In the case of a 
boy of thrct- months there were five rudimentar}' fingers. The 
Hkiugruph showe<l the presence of one phalanx of the thumb and 
of two p)mlaii},'eg of eaib of the other fingerst. 

L'niler the puidance of the Riintgen rays a flap operation was 
performed, on the prindplw «'t forth in the case described above, 
U'tweoii the first and swond finder rudiment. Thns a fairly good 
thumb wiiB tretiliil. The ciisc, however, offered two more points of 
iiilcnvt. In Ihe Hrst place there was a conjri'nilal fracture of the 
ulna and radiu:^ at their lower third, ns was also illustrated by 
skiagraphy. Tlu- forearm eoiild easily he bent at the seat of the 
fractun-. After wir- 
ing tJie fnigmeiils 
union Ix-caiiu- [MTfeet. 
(Se<. C.ngenital Mid- 
fnrniatiotis of tlte I'p- 
per Kxiri'initv. Xew 
York Me.li,iit Jour- 
nal, June -J». liilil.) 

Thi-ie was, fur- 
tiieriuore. i-ongi-nilal 
conslriition at tlu' re- 
gion of llie surgical 
neck of the humerus. 
where II iW]) furrow 
em'inle.1 the whole 
circnmferi'ncc of the 
arm. ['alpiilion was 
unable ti) lU'teci any 
soft tissues lietwe.>n 
the integiimi'ut and 
the biuie. .An exjilor- 

veah'd tlie pre>eni-e of fragments of the biceps, triceps, anil del- 
toid muscles. Their edges were refreshed and uniteil with eatgnt. 
For reliixiition two deep wire sutures were introdticed from with- 
out. The result was fair. 

Il may lie addtnl that the otherwise well -developed hand showed 
a niodeniiely deep constricting furrow near the metacarpophalan- 
geal junction of the middle finger, which did not seem to demand 
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Burfiital interft'reni«, einee tlio skiagraph ehowcd its integrity 
otherwise. 

It seems that this special Itranch of surgery does not receive 
the attention it merits. Considering that in the lower animals, ae 
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' long as in the cmbrv- 
oiiic stngo, rogcncra- 
tioti of large portions 
of tho head and trunk 
aru [Ktesiblc, it should 
U' ('Xijefltfl Unit tlio 
ni'\v-l)orii i-liild — in a 
siiialU'r [iniportion of 

,,„„.s. also offer.* 

more fliancis for rc- 
gcmTiitifiTi tliau llic 
H.hilt. If tlK- gcrnii- 
]).il Liver k only j.ros- 
cut, fiirlluT dcveloii- 
nicnt of the tissiu?? 
can bo lookcil for. If 

its individualization is a 
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matter of great probability, provided the bridge remaining hae 
prcBerved sufficient vascuiaritj' for nutrition, that there is no over- 
extension of the flap, and that the most minute aseptic precautions 
are taken. 

In a case of congenital dub-hand associated with absence of 
the radius and ulna, only three fingers and three metacarpal bones 
ttoro premcnt, as Ijccninc evi- 
lU'nt bv Hkiagraphic examina- 
tion { Kig. 175). 

The U'ft arm of tiie boy 
was normal oxcopfing the 
thumb, whi<'h was partially 
ectrodactylii-. An tittompt was 
made to improve this deplo- 
rable condition by creating 
a thumb after the principle 
carried out in the case just 
described. For this purjiosc 
a dorsal incision was made 
down to the first metaearpal 
l)onc, which was divided lon- 
<;itudina)ly. thus making a 
kind of l)i furcation. The 
phalangeal end was severed 
entirely, but the carpal end, 
after In-ing fractured longi- 
tiidinalty, was left in slight connection with the metacarpal Imnc. 
Thus a new bone was obtained that was surrounded by dorsal as 
well as palmar flaps. There was little trouble during the after- 
treatment. 

Fig. 174 illustrates congenital dislocation of the hand of a man 
of thirty years. There is considerable atrophy and the function 
is very much disturbed. 

Mopt malformations of the foot arc of a similar nature, and 
their therapy has to he viewed from the same points of view. 

Fig. 1(.^ illustrates the supemumerarj' toes in a boy of six 
months. The phalanges of the fifth toe are well developed, while 
the supernumerary appendix shows only traces of osseous tissue. 
It was natural therefore that the sixth was to be regarded a true 
supernumerary digit; therefore it was removed. 
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CniLU or TiiHEB Months. 
Fig. 177.) 



(Com pan 
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In the Journal of the American Medical Association, October 
12, 1901, a series of cases representing congenital malformations 
is illustrated. Among them the case of a boy of three weeks whose 
left lower extremity was normal, while the right one showed short- 
ening of the femur to the extent of an inch, is especially note- 
worthy. There was no muscular atrophy. Shortening of the 
healthy femur for the purpose of equalization was suggested. In 
a similar case, concerning a child of six months, the shortening of 
the healthy femur was successfully performed by the author. 
There was no disturbance of development observed, the time of 
observations being two years now. 

Congenital absence of the nasal bones and insufficient develop- 
ment of the nasal processes of the superior maxilla was observed 
in a boy of two months (Fig. 176). The patient was ill nour- 
ished, and the family history was negative. 

As to congenital obliteration of the auditory canal, see Figs. 
177 and 178. (Compare page 65.) 



CHAPTER XIII 
DISEASES OF THE BONES AND JOINTS 

As alluded to in the General Part, the bones give the human 
body form, erectuess, and firmness, the latter being the most essen- 
tial feature of a normal bone. The firmness of the bone is vouch- 
safed by its heavy, hard, and dense consistency, which is pre-emi- 
nently based upon the presence of calcium phosphate. The per- 
centage of this salt amounts to as high as 84. There is also a 
slight admixture of magnesia and traces of calcium chlorate and 
fluorocalcium. 

It is the density of these inorganic elements which prevents 
penetration by the rays, thus producing a marked shadow in con- 
trast to the more translucent organic tisues of the body. 

It is obvious that any change affecting the density of the bone, 
in other words, the chemical components, must show on skiagraphic 
examination. And, in fact, there is no bone affection which is not 
characterized by more or less marked skiagraphic features. If it 
is considered how meagre sometimes the information gained by 
inspection, palpation, probing or aspiration is, the immense im- 
portance of a method which gives us definite information by a 
painless procedure will be realized. 

The characteristic points of differentiation between the impor- 
tant osseous diseases were outlined by the author in his essay in the 
Journal of the American Medical Association, June 3, 1901. 
In general, the views emphasized there were corroborated by fur- 
ther observation. 

OSTEOMYELITIS 

While it is not difficult to diagnosticate osteomyelitis in its ad- 
vanced stage, especially after the cortex as well as the periosteum 
have participated in the inflammatory process, the initial stage can 
but rarely be recognised by the usual methods. 
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^M Usually the putiont (.■oniplaiiw of pain, which is most intense at H 
^H night, in one of the large bones. Palpation sKiniPtiiues reveals a ^t 
H slight thickening of the affected bone. But it may just as well be ■ 
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il. A preceding trauma, ii furuncle, or an acule infeci 
ifie (Bcarlet or typhoid fever, diphtheria, or measles) ( 
, the avenue of infeetion. The pain. Ihe redema. the f 
general debility are sometimes s<) little marked that di 
ition becomes dillicult. The skiagraph not only clcart; 
'ulty of diagnosticating this disease, the true aetiology of w 
ill BO oliscuro. hut also funii&hes a trustworthy guide foi 
ative technique. Osteomyelitie is of a decidedly infeci 
acter, generally duo to the invasion of the Btaphylococeus 
blood circulation. Fortunately, the staphylocoecus h. 
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tPiiricncv ol iiKiiii-iii): ttie formiiliiui of lirciiiiisirilti'd fini in the 
vasrulnr liffuos of tlif lioiios — vin.. ihe ineduila. 

If the infection is due to llie typhoid l>ai.-illni<. the nuppii ration 
lort's itf mule (haniitcr, an al>sivss gciu'rally fomiinn- Tlic prc- 
rfiIc(tion of wtiHiinvflitis is for llie Ion;: bones of yonnj: individ- 
uals. It is self-evident tlierffi>re lliat the carlv reccijinition of 
osteornvelitie fixi renders llie projinosis of their evacuation ex- 
tremely favourable. 

As iillnded to in ilipciises of the humerus in the ease of n lady 
of twenty years, the slow onset of the symptoms did not s<ein to in- 




dii-atc an mnic inflaiiiinaliiry process. Pain Iteinj; jiri'scni only 
temporarily, the 'levi-lopment of » niiilifrnant frrowlli was feared. 
The .-ikiapraph at om-c did away with all anxiety, sim-e it revealed 
the presence of periostitie proliferation and a eircuniwrihed osteo- 
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myelitic focus at the middle of the humerus. The focus was easily 
exposed by the chlisel under the mentorship of the skiagram. That 
the skiagram had also spoken the truth hy demonstrating the in- 




tegrity of the remainiuK portions of tlie humerus was shown by 
the speedy recovery of the piitiont. 

Thus the foci (.■ini not only Ix: liK-nlixed, but ihcir c.xtoiit cnn also 
be so welt outlined that llie twhnicnl stepK of the oiieralion can be 
definitely traced in advance. The fwliiij; of security the surgeon 
has while proceeding under the nientorsliip of the skiagraph gives 
a satisfaction unknown in former years, when often the whole 
bone, like the feuuir, for instance, had to Ije exposed in order to 
ascertain whether all the foci had Wn dctwled. If the Riinlgen 
rays show hut one focus, no other regions of the hone need to be 
attacked. Fig, H!! shows the ostenmyelitic focus in the lower 
third of the humerus of a woman of thirty years, Tlie patient was 
treated for rheumatism first. When seen hy the author, two weeks 
after the on,eel of the violent pain in the lower region of the 
humerus, a slight swelling and leudcmf^s at this region was 
noticeable. Skiagraphy revealed the focus and dictated the 
modus operandi. A tablespoonful of staphylococcus pus was dis- 
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charged and the cavity packed with iodoform gauze. Recovery 
was perfect after two months. In former years the diagnosis at bo 
early a stage would not have been possible, and consequently so 
speedy a recovery would not have been obtained. In this case an 
injury of the tibia, followed by suppuration, had been sustained 
six months previously. 

The osteomyelitii' focus is distinguished by its light shadow in 
the midst of the dark shadow of the thickened cortex. The regu- 
larity of the cortical line distinguishes it from osteosarcoma, and 
the absence of distention from osseous cyst. 

In the more advanced stages the cortex and periosteum par- 
ticipate in the process. Then tlie skiagraph naturally shows pro- 
portional changes. The shadow of the sclerotic cortex becomes 
still larger and the ossifying inflammation of the periosteum finds 
its skiagraphic expression in 
a vers- light shadow-line run- 
ning parallel to that dark 
one of the cortex. 

Fig. 180 illustrates the ad- 
vanced stage of osteomyelitis 
at the upper end of the tibia 
in a man of thirty years. At 
the anterior aspect of the 
bone perforation had already 
taken place, while posteriorly 
the cortex is still intact. The 
evacuation of the focus was 
easy and recovery was per- 
fect. 

In tubercular abcesscs 
sclerosis, or rather cbuma- 
tion, is extremely rare, which 
is of importance in the cjues- p,^ isa-OsTKoxrBi-iTic Focri ik tm 
tion of differentiation. After Tibi*. (Compare Kg. 18I.) 

extensive operations for os- 
teomyelitis, ebumation of the cortex is so marked that the con- 
trast appears most striking on the skiagraphic plate. 

Fig. 181 illustrates osteomyelitis of the tibia in a girl of fifteen 
months in an advanced stage. The child, having sustained a fall 
from her cradle several weeks before being skiagraphod, was sup- 
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posed to have suffered n severe contusion, and was treated accord- 
ingly. The extcrnul sweUinfi was inaigiiifieant. No fluctuation 
k-ing pn-seiit. the attemlimt did not think of the possibilitj' of tlie 
pniicnce of suppunitioii, altliougli the patient's toniperature was 
elevated oiue in a wliile. Sl^iagraphic examination proved the 
prcpenee of iin e.xleiisivc oslciimvelilie focus, which was at once ex- 
posed hv llie chisel. Two tahlesjwionfuls of pus were discharged 
the recovery being uninterruplcd. Fig. 182 shows the cavity 
three wei'ks iiflcr oiH'nitiou. The ilark shadow lining tho mar- 
gins of tiie cavity indicates the presence of iodoform. 



NFcnosis 

Xecrosis and other later slnjies of inflammatory processes can 
be rejiroenlcd still more distinctly. 

The sine and shape of scqneslra can hp well made out. It can 
furthermore l)p ai^certained how tliey are liwated in their bony 




PiQ. 18a.— .SBl}lt»STHl M K 



coffin, and whether they still adhere or are e.vfolialed. Tender the 
guidance of the Rontgen rays exirnctinn is very easy. 
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Fig. 183 UluEtrateB the case of a man of twenty-three years 
who hnd crushed his little left finger. Amputation was deferred 
until septic tenontitis and tenontotheeitis had developed. The 



Kiel 



c.xlensivi' tissue necrosis in the inuscnliir iiitorstici's of the forearm 
necessitulcd free and deep incisions, which showcil (he radius an 
well lis tho ulna dcnude^l of their iieriostcuni. .Amputation waw 
tiiert'fore authoritjitivcly tidvimil ; ncvcrthidcss. the chuni'cs of fur- 
ther conwrviitive Ireiitnient were Inken. The juitlmr's experience 
had taught him In resort to auipiitation for !iei)sis only under the 
most extniordinnrv cinunistanci's : and it seems to him thai all 
cases which wore save^l liy amputation would have rei'overed under 
Hie most vigonms conservative measures, especially excessive expo- 
sure of the foii and removal of suspicious tissue. Fortunately, the 
process U'l-ame confineil to the forearm, and rei-overy seemed to 
make rapid i>rnpress. Only n small fistula at the dorsum of the 
forearm did md dose, ^^lo reix-ated introduction of a prol>e did 
not point lo the presence iif rough hone, and the author was in- 
clined to suppress liis suspicion of Hie presence of a sequestrum. 
His surprise was great when the Rtintgen rays revealed so large n 
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splinter as that whith is shown by the skiagraph. The direction 
of the skin incision, a slightly ohlique one, was dic-tatccl by the 
position of the s«[iicstnini as indicated by the skiajiraph. When 



¥ 



FlO. 185. STNOBTOaif 



D EXFOLIATINQ SEqUMTRDI 



the SL'tjuejitrmii way roaclieil, it was found covered by thick fibrous 
tissue at the upper surface, while the inner and lower surfaces were 
exposed. This exphiins why the inlrodiiclinn of the probe gave no 
positive infoniialiim, since it had touched only the lilmms cover, 
and did not come into contaet with the rmigh hiteral or posterior 
surface. Keeovery was perfect eleven days after the operation. 
The translucent stale of the bones dne to inflannnatory atrophy 
is also notewortiiy. 

The regencratiou of osseous tissue can l>c well studied in such 
cases by the skiagrajih. 

That the hones participate in acute phiegntonous processes is 
evident from Fig. 18-1, which illustrates the hand of a man of 
forty years, whose h'ft little finger was crushed in a machine. 
Medical treatment was not submitted to until (he whole hand be- 
came swollen. A septic phlegmon developed, which necessitated 
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fxtfnsive iiit'isions. When the swelling had subsided thickened 
hone portions could he palpated, the nsteoperiostitic nature of 
which was shown by the skiaprapli. 

Before the advent of the rays such extensive participations of 
the bnnes conh] not have been assumed. I>nter oljservation often 




Fto. ISa— Seqi 



showed osseous changes in apparently slight cases of inflammation 
of an infeetinus origin. This shows ihe evontuiii necessiiv of ex- 
posing intraosseous foci when ojieratinp fur plili-gmon. 

Fig. 18.^ illustratvs the sequela? of puerperal sepsis in a woman 
18 
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of thirty-five .years. Septic arthritis and tenontitis lii-velnjHHl after 

f[ii Id birth, and was trenlcii by estensive exposure of the fnci. Sis 

ths after the operation n fistula at the upper end of tlie radius 

led, the ejuine of B'hirh was evident by the preseoee of a 



1 



small exfoliating sequestrum, shown at the upper portion o( the 
ulna; the skiagraph nlno explained why rotation of the forearm 
was impossible, einee it showe*! the presenee of synostosis lietween 
the radius and the ulna, undoubtedly duo to the preceding inflam- 
matory irritation. Aecnrdingly the illustration suggests separa- 
tion of the united bone? by the ehisel. 

"As to furlber details regarding sequestra of the femur after 
fracture, the reader is referred to the cases illustrated by Figa. 
IIM) tiud T)l. 

Fig. 186 illustrates the case of a man of twenty-three yeara 
who had su::tained a eoinpound fracture of the middle of the 
femur four j-ears before the skiagraph was taken. The patient 
suffered from more or less severe inftamniulory altacks now and 
then, pus diseharging frequently from a fistula at the lower third 
of the thigh. Skiagraphy at first showed nothing hut the deform- 
ity of the femur, because a soft tube had been selected, while a tube 
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of medium hardness revealed the presence of a small piece of 
necrotic bone in its eoHiii at tlie area of tlie fracture. The ee- 
ciuestnim was extracted through a small opening made as the 
skiagraph indicated it, recovery being perfect. 

Fig. 187 illustrates necrosis of the inner half of the radius 
in a girl of Kcvcnlecn months. The first signs of inflammation 
manifested themselves five weeks befon- the skiagraph was taken. 
At firet an injury was tiiought of. The Rontgen method revealed 
the true nature of the disease at once, and suggested e.vposure of 
the radius. When this operation was performed the impression 
WU.1 that the radius had become a uniform sequestrum, and in 
former years the author would therefore have removed the bone 
in its entirety. But the skiagraph indicated that the outer por- 
tion of the bone was normal, therefore the inner side was removed 
by the sharp spoon, so that only a thin long fragment remained. 




which was carefully left in contact with the remnant of the peri- 
osteum. In spile of the emaciated condition of the patient perfect 
recovery look iilace, the function of the extremity being completely 
restoretl. 

Fig. 1S8 illustrates the ease two weeks after operation, the 
iodofiirni-giiuze packing also appearing marked on the skiagraph. 
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ACUTE INFLAMMATORY ATROPHY OF THE OSSEOUS 

TISSUES 

The peculiar cliaraeter of the hone shadows shown in inflam- 
matorv processes, which seemed to Ixi confined to the soft tissues 
exclusively, suggested that such pathological changes had also ex- 
tended upon the hony tissues. The similarity of the shadows to 
those found in rickets or osteomalacia led to the helief that an 
acute absor})tic>n of calcareous matter had taken place. More ex- 
tensive observation showed that these phenomena generally made 
their appearance four to nine weeks after the injury. 

Before the Ucintgen era the clinical symptoms caused by them 
were attributed to inactivity, but skiagraphy proved that the 
osseous tissues underlying the inflammatory area participated, the 
spongiosa showing the first signs of change. Sudeck (Arehiv 
fiir klinische Chirurgie, vol. L\ii) and Kienboeck (Wiener medi- 
cinische Wochenschrift, No. 28, IDOl) advanced the theory that 
bacterial invasion was arrested at the spongiosa in mild forms 
(fractures, for instance), only the signs of congestion and swell- 
ing, etc., being })resent. Rut in the virulent cases, as in septic 
phlegmon, septic tenonitis, etc., bacteria have reached the 
medulla. Then the tissue changes are more marked and conse- 
quently show the skiagraph evidence. 

Rarefaction of the osseous tissue can be recognised by the 
presence of some light areas. In the more severe forms the cortex 
becomes less com])act, the transluconcy reaches a high degree, and 
the texture disnp])cars entirely. 

In phlegmonous processes, septic arthritis, etc., rarefaction 
may reach such a degree that portions of the bones become so 
soft temporarily that an aspiratory needle may ])erforate them 
without resistance. Such bones are, of course, highly translucent, 
and conse(|uently show very light shadows on the Rihitgen plate. 
The osseous structure may appear confused and blurred, the tra- 
Ix-^culge become thiimer and disappear altog(»ther in some areas. 
As alluded to before, these conditions resemble osteomalacia, but 
the process of calcification in these cases is of a decidedly inflam- 
matory nature. 

In a case of old pyothorax (see Zwanglose Hefte, Die Ront- 
genstrahlen in der Chirurgie, Seitz und Schauer, ^liinchen, 1901) 
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the author did not siipcwd in reproducing the ribs of a man who 
had subniitk-d to re^wtioii five times. At first a technical fault 




w;is Mi[ii)iisi'<i U> lie tlir fiiux', tthon i) renewed rewelion. thii; time 
p,'rf-.riiie<l l.v llic iu.ll.or himself, ealle.l his intention to Ihe soft- 
ened londiiiun of ihe rilw. whiih awounled for llie hiek of skia- 
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graphic contrast. In tuberculous processes, associated with sup- 
puration, the same osseous rarefaction is observed soinetimee. 




i 



After fractures, caused by great violence, similar osseous changes 
are noticed. 

The author has in former publications (see T'eber defonn 
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geheilte Fracturen, Munich Medical Weekly, February 17, 1901) 
called attention to the intense absorption of calcareous matter in 
syphilitic gumma and in carcinoma and sarcoma (see respective 
sections). Fig. 118 illustrates the case of a man of thirty-eight 
vears who sustained a fracture of the calcaneum two months before 
the skiagraph was taken, which showed a high degree of trans- 
lucency. At first the impression that this was a fault of the 
technique prevailed, but repeated exposures showed the same con- 
ditions. The great functional disturbance was not in proportion 
to the slightly deformed union, therefore it had to be assumed 
that it was due to the acute inflammatory atrophy of the bone. 

If the primary focus heals rapidly, the softening of the bones 
may last but a few weeks, perfect recovery taking place then. But 
not infrequently the process proceeds further, the diaphyseal cor- 
tex also becoming affected. Then deformity of the bones takes 
place, and the cartilage shows signs of erosion. While in the 
acute Btage the osseous tissues are hypera?mic and softened, later 
on this becomes ana?mic and brittle. The ligaments may Ixj so 
much relaxed then that a condition resembling dislocation forms. 
In children the natural growth of the bone may be arrested, so 
that considerable shortening takes place. 

Figs. 189 and 190 illustrate a condition of this kind in a 
man of nineteen years, whose shoulder was severely injured at 
childbirth. It is reported that after the inflammatory signs in the 
joint had subsided, atrophy of the whole area developed. At the 
time of irradiation the left humerus proved to be an inch shorter 
than its fellow. The articular surfaces were irregular, and the 
area of the tubercles still translucent. The deformitv of the 
acromion as well as of the coracoid process is well marked. The 
subluxation appears more j)ronounced in the anterior than in the 
posterior exposure. There is severe functional disturbance. 

The great importance of inflammatory atrophy, which at 
least delays recovery strangely, and in some instances may neces- 
sitate amputation, is self-evident from a medico-legal standpoint 
(see Chapter XVII on Medico-Tjegal Aspects). Another peculi- 
arity of atrophic bones is that they are more inclined to become 
fractured than normal ones. 

As the pathogenic nature of acute inflammatory atrophy still 
appears to be obscure, the main factor in its aetiology seems to be a 
disturbance in the circulation, probably, of a trophoneurotic char- 
acter. 




THE KONTGEN rays 



TUBERCULOSIS 



As emphasizcil in Ihc cliapter on niliercnlofiis of ihe lungs, 
the clinical Bigns of tubtTculosie are but little marked at its early 
stage. The aaiiie applies to bony tuberculosis. This is deplorable. 




.[lire Fig. 1 



for the reason (hat therapy is much njore effeftive al llii.' initial 
stage than when the symptoms are well marked — in other words, 
when the process of destruction has become advanced. It is, in- 
deed, not at all difficult to diagnosticate osseous tuberculosis if 
there be the characteristic appearance of fistulous tracts, discharg- 
ing cheesy pus, the simultaneous development of tuberculosis of 
the lungs or of other internal organs, and Inst but not least, a his- 
tory of tuberculosis. 

Fortunately, the Rontgen rays enable iis to recognise a tubercu- 
lous focus at an early stage, thus giving the surgeon a chance to 
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perform a conservative o]>eratioi], while at the late stage of exten- 
sive destruction such effectfi prove to be futile. 

A flight swelling of one of the tarsal bones may be regarded 
to be the result of a euntusion, while (he rave prove it to 1« pro- 
duced by a tubert-ulous focus, the cpeedy elimination of which 
means a ixrfect cure from a tuberculiir process. One of the 
prominent feiiturcH of bonc-tulierculosis is its prevalence at the 
epiphyses. This naturally causes such characteristic changes in 
the articular ends that they can be represented skingraphically. At 
the early stage of tiiiKsrciilosis osseous atro]»hy at the epiphyseal 
ends is always found to a greater or lesser extent, which is pro- 
durt'd by a deficiency of calcareous deposils. 

The less calcareous substance the atro]iliic area contains, the 
more translucent it becomes by the niys, thus showing a character- 
istic light shadow. In late singes when cheesy foci form, their 
areas appear still more translucent. 

As a rule, the articular outlines of a lubcrculmis joint have 
lost their regularity and apjKsar diffuse, clou<!y, and often shaggy. 




— TuDBBCCLocs KNBtJOiNT irTBR OsTEOTOMT. (Compare Pig. 191.) 



The corlc.\ is sometimes partially destroyed, and leaves the im- 
pression as if a piece had been bitten out, as in Fig. Iftl, for tn- 
stanee, which shows enlargement of the internal condyle at the 
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KiniL' time. AfkT the jirwtps pamp In n stanilwlill. Uic deformity 
Itfcaiiie so great that t-unciform oHteotoniy was donu (eoe Fig. 
192). 

Fig. 193 illustrates a moderate degree of tuberculosis in a boy 
of five years, the cartilages being eroded. Such cases generally 
get wi-11 after the injection of iodoform glycerin. 

After thorough repair the area of the primary focus gradually 
indicates its normal saturation on the skiagraphic plalc again. 
The texture, however, has lost its distinct character, the network 
showing wider meshes. Only the contours of the cortex are well 
marked, sometimes e\en more than before. 

Fig. 194 (Uuslrates enlargement of both internal condyles 
of the femur in a boy of fourteen years, four uiouihe after his 

Pia. Ifti.— Ti-BEHcrLois Knee, suowinu Arrhsion op Cshtiiaoes. 

tuberculous gonitis was cured by the injection of i odo form -ply c- 
;rin. The left knee seems to be perfectly restored, while the 
irticular surfaces of the right knee are somewhat shaggy. 


I 

1 
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In the case of extensive tuberculur destruction the eroded and 
dii^placed cartilagos can be studied. 

Fig. 195, for instance, illustrates tlie tulx-rcular kneo of a Imiv 
of four jears. The tuxture of the bone, the medulla, and the cx- 




Fio, IW.— Bm-AKOBMEMT Or Both Intermi. Com 

Yearh, Polk Hunthh aptek his Tibsrculois Gonitis was Cihku bt the 

iNJtCTlUN OF IOI>OFOKM-lll.ri.'ERINB. 

tensive destruction of the cartilaginous tissues are well marked 
in the skiagraph, Fig. lllii. A tiiU' of incdiuni hardnws was 
seleofed to show these structural details, while a soft tube which 
Kan employed before showed only the backward dislocation pro- 
duced by the erosion of the ligaments, but no foci. 

Fif:. lit. shows synostosis between patella and femur as a 
(-ons<i|uencc of tuberculous inflammation, valgus position Iw'ing 
present iR'siiles. After the process had stopped, osteotomy of the 
(imdyle was performed. I>ater the synostosis between patella and 
femur was divided by the chisel. 

Id tubercular coxitis, the spontaneous upward dislocatioti of 
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the femur and tlie separation of its head in the acetahulum is rec- 
ognieed. In obscure eases the rajs differentiate it from rheuma- 
tism, arthritis deformans, congenital disloeatlon, fracture of the 
jieck of the femur, epiphyseal separa- 
tion, neuralgia, or osteomyelitis. The 
heitlthy joint must always be skia- 
graph ed at the same time for com- 
piirison. Fig. US, for instance, illus- 
Inite* IIk' tuberculous hip-joint of a 
buy of eleven years a year after the 
oiist't of tlie disease. The articular out- 
lines appear irregular, cloudy, and on 
sniiic portions shaggy. Recovery took 
]>hK-e in this instance after resection. 
Tlic extent of the destruction, as it is 
shown by tlie skiagraph, determines the 
question whether resection must be re- 
sorted to or whether conservative steps 
lire justified. 

Fig. 11)8 shows the destruction of 
the left parietal bone and part of the 
orbit in a boy of ten years. How far 
the bone liecame decayed is illustrated 
by the light area in Fig. 199. 

The only marked signs of tubercu- 
lar spondylitis consist sometimes in the 
presence of iin iil)scoss below Poupart's 
ligament, the nature of which would 
not Ix' properly interpreted, if the 
plate did not prove the existence of 
\'crtebral changes. 

Skiagraphs of the hip-joint should 
a diaphragm. As to the details of tuber- 
culosis of the hand, see section on Diseases of the Hand (page 
233). How cheesy foci of cervical and bronchial glands are shown 
is illustrated in Chapters VII and A'lII nn the Neck and Chest. 

Extensive deposition of calcareous matter in the sheaths of the 
tendons, called lenontiUs ond leiioiitolhcrllis prolifera caharea by 
the author, seems to bear relations to tuberculosis. 

Fig, 800 illustrotes the hand of a Russian tailor, forty-two 




always he taken by usii 
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years of age, wlio had noiUed a small and painless swelling formed 
in tlie dorwil surfaoe of his right hand eleven years before. This 
swelling intreaMed gradually, but until it grew painful no medieal 
advice was sought. At the first e.xamiiiation a globular tumour 
was notieed in the dorsum of the right hand, of the size of a 
nioderalely targe iipple. Its surface was red, its consistenre irreg- 




Fio. 196.— TuBKHti-Lorii Foe: Is *si> Arl>i-ni> the Knbe-joint. (Sea Fig 193.) 

iilar. sonic parts of it U-ing hard, while others appeared soft to the 
touch. The centre of the luniour was occupied by a large ulcera- 
tion, which was surrounded by several fistulous tracts, from which 
lurbid siTO-pus is,iued. The first impression was that the tumour 
represented an osteosarcomo. and it was fi'ared that speedy ampu- 
tation wciuld l)e indicated. It was decided In make use of the 
Utinlgen rays, which jiroved to l>e n valuable means of information. 
since the true eondition was at once precisely defined. A skia- 
grajih, which was taken with a tulx- of medium hardness (Fig. 
201), showed that the third metaearpo-phalangeal joint was the 
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Flo. 19T. — Mynostoxis Betwei 



seat of a focus of inflammation. The plialans was grown together 
with the metacarpus. The cortex of the condylar side was totally 
destroyed, appearing as if 
scoo|K'd nut with a gouge. By 
irradiation with a soft tuix) 
the limits of the tumour were 
well outlintHi. A third skia- 
graph, taken with a hard 
tube, showed the bonew faint- 
ly, hut [M'rniittttl distinct rec- 
ngnilion o[ the various shad- 
ows of the tumorous portions. 
The lijiht areas represented 
Ihe suppurating portions, 
while the dark shadows cor- 
responded to tile calcareous 
LA iNii Pemik. keforb Ui'EKATtoN. nrcHs, Tlicse, as shown also 
hy sul»se<|uent o]K'ration, were 
the predcmiiuiiliug elemeuts of the tumour. It now became evi- 
dent thai there was a ehronic iuflammatory process, the character 
of whii'li was not recognized. 

Extirpation showed Ihe defect of the imne filled with yellow 
eheesy nias.ies, llie synovia! 
membrane being pjirtially de- 
stroyed at the sumo time. But 
the most surprising feature of 
the condition was that the ox- 
tensor tendous of the digits, 
excepting the Ihnndi. ap- 
peared as if cemented into 
one mass of mortar. In divid- 
ing this mass the knife caused 
a loud grating sound. Of 
the tendon on the lliird finger 
only a few rudimentary fasci- 
cles had remained. .■;o that it 

had to be sacrificed entirely. ^ - «- 

The fascicles of the ?econd __^^^t i J| 

—Ex.vyinBk> 



and fourth extensor tendons 




were kept apart by the 
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tioiis. T1k\v wfrc, in fact, so nmc-li cncruptod lliat only a Biiiall por- 
tion t-fnild Ix- flit. Tlie weight of the whole amount of calcareoiiH 
mass nunovod provud to be 80 grnninics. 

The hones of the forearms dU'twed considerable transliieency, 
which miggt'sted the presenc-c of an atrophic state in the osseous 
system. 

Microscopical examination showed round-cell granulations and 
the presence of staphylococci, hut no evidence of tubercle bacilli. 
There were also deposits of plmspliates and carbonates of calcium. 



Fio. IM.— Skuobapu ur Cask Illvbtkatbd uv Fio. 19H. 

Tlic dwalcifittl fniginent.-; of the tendons showed granulation of 
the circum fascicular and intra fascicular connective tissues, also 
]>artLal necrosis. Ihvtniitowlin staine<1 the degenerated tissue 
dark brown viold, and picrocarniine changed it to red. Roeoverv 
was slow an<i was not perfect until six months after the operation. 
Xdw. whiit wiis llio integral character of the disease? There 
was a nnuli degeneratel (cheesv) tissue in the slate of necrobiosis, 
which sci'incd In have a sort of magnetic effect, so to si>eiik, on the 
dissolved cak-iireons salts, inducing tliem to amalgamate. Such 







pflrifii^titioiis iirc /ounil in tiii>ei'culous (cheesy) foci of the hinga, 
mill not iiifrL'i|Uciitly in crnlooiir (litis. |)ericarditis, olil ])!eiiritic 
iiniuls, iitfriue injoniatii. and renal i-pitluiliuni. As tn ildinilion 
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by means of the Rontgen rays to the mode of petrification in the 
walls of blood-vessels as well as in the degenerated thyroid gland, 
see the resjwctive sections. 

The tendons and their sheaths seem to be but seldom the seat 
of predilection for calcareous deposits. Still, with the increasing 
poj)ularity of the Kontgen rays, more light may also be thrown 
upon the pathology and significance of this hitherto unknown 
disease, for which the term " tenontitis and tenontothecitis prolif- 
era calcarca " is suggested. 

Wolff (Archiv fiir klinische Chirurgie, r>7 Bd., Heft 2, 1902) 
reports a similar observation, calcareous deposits being found in 
the tendon and fibrous portions of the semi tend inosus muscle. 
His patient Ix^ing sixty years of age, he regards the case as one 
of senile calcification. The author, however, does not believe that 
the age is of material influence upon the production of calcareous 
matter in this connection. 



RHACHITIS (RICKETS) 

Rhachitis, while frecjuently found in Europe (in the old uni- 
versity town of Halle, which is situated in midst of the German 
potato district, 4T ])er cent of all children suffer from rhachitis), 
is but seldom observed in the United States. Nothing, in fact, 
demonstratt»s the prosperity of this country more markedly than 
the abs(»nce of this disease, which owes its origin mainly to poor 
nutrition. 

As is well knoMTi, the characteristic features of rhachitis con- 
sist in a change of the composition, form, and texture of the 
bone, due to the absence of the normal amount of calcareous 
deposits during the period of development. This is recognised 
macroscopically by the development of more or less deformity 
(Fig. 202). The cartilaginous substance proliferates to such an 
extent that tin* epiphyses lx»come more or less enlarged. The calci- 
fication line, characteristic of the normal osseous growth, is found 
to be entirely changed. While the areas of cartilaginous and osse- 
ous proliferation in a normal individual show regular lines, which 
run ])arallel to each other, they app<»ar irregular and zigzag-shaped 
in a rachitic. These changes ap]>ear like indentations in the longi- 
tudinal section of a rhachitic epiphysis. The different degrees of 
19 
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is, however, mainly distinguished from osteomalacia by the irregu- 
lar arrangement of interspersed osseous structures as well as by 
the deformed shape of the bones. 



OSTEOMALACIA 

As alluded to in the foregoing section, there is a great resem- 
blance between rachitis and osteomalacia. Still, while rachitis is 
a disease of in fane v and childhood, osteomalacia is found in 
adult life only, especially in puerperal women. It consists in a 
progressive softening of the osseous tissues. In rachitis the grow- 
ing bone is not supplied with a sufficient quantity of lime-salts; 
in osteomalacia the normal amount of lime-salts, present origi- 
nally, becomes gradually absorbed, thus causing deformities and 
sometimes even fractures of the area involved. 

The deformity generally begins in the os ilii in puerperal 
cases. Later on the spine Womes involved, the vertebrae being 
compressed against one another, promontory and symphysis also 
approximating. The extreme preponderance of the substance of 
the bone naturally impairs its density, so that the degree of trans- 
lucency shown by the rays indicates the degree of the disease. 
It must be considered, however, that an overexposed skiagraph 
may leave the erroneous impression that there is a lack of the 
normal amount of calcareous niatter. This will occur so much 
easier, since so large a bone-mass as the pelvis must generally be 
reproduced, which would suggest a long exposure and a hard tube. 
But if the deformities, especially the course of the linea innom- 
inata and the typical kink of the pubic bone are well recognised, no 
misinterpretation can occur. 

ARTHRITIS 

In acute arthritis no anatomical changes may be revealed by 
the rays except that the presence of an effusion may cause disten- 
tion of the joint. This fact is recognised by the increasing gap 
between the articulating epiphyses. Later on the contours of the 
bone epiphysis appear irregular, and show indentations on some 
portions, while others are veiled. The arthritic deposits are recog- 
nisable as light shadows of the deformed epiphyses, as they consist 
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of tranjiluct'nt uric-aeiii sjiHu. while their periphery is distin- 
guished by a dark sphere. 

The deposits can lie represented only by using a soft tube, since 




the rays from a hard one penetrate tliem to sut-h an extent that 
tliey wimjd leavi' im iiiipressiou on tlie [iliotofrraphic plate. 

In gonorrhwal arthnlis tlie epijihyses, the iifTected joint, and 
sonieliines llieir virinity a]i]>ear rarefied, so tliat lliey resemble 
the pathnlofTLi'nl clunigcs oceiirrinp in iiiute iiiflnnitnat"ry atrophy 
(.*eo the section ]>«?,'(■ ''')(')■ Kapid and intense absorption of 
calcareous nintler lakes place, the ossemw texture in general be- 
comes confused, the contours as well ns the structures of flio spon- 
giosa appeariiifT lijiirrcd. 

In nil cases of gonorrlueal arthritis nf the wrist observed by 
the author, the carpus appeared cNtreniely light and tlie contours 
somewhat irrcgidar. The ci?rpal l>nues nre not well defined indi- 
vidtially, hut produce the iiiipn'ssion of a confluent mass, and the 
radio-carpal joint shows a great tendency to ankylosis, because 
later even the surfaces of the cartilages l>ecouie eroded. In more 
advanced stages the whole hand may be shortened. In arthritis 
of the elbow, knee, or hip the anatomical changes appear less 
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marked, of four«o, tlmii in l\w wrist. In onlor to rfpn-si'iit llic 
spongiosa trnbeculffi well, tiiK's of nicdiiini Ii]iri1nc>si< nuint Ixi 
chosen. The (lietiincc should be iibout 10 inelics Ix'twwn the tuljal 
wall and Iho plate. 

The t'ffeet of tiio therapy (internal treatment, iininobilisiition 
and counter irritnnt" at tlie beginning;) -i}!(juld Ik' eoiilroUed by 
skiagraphy. When tlit; infiaiiuiiatory |in)cess Ix'giiis to subside, 
niatisagc and exereise should Ik; advisL'd in order ti> couiiteraet 



Fia 305.— P»*cTiRi 



syuosliisis, ttliiih i< csiKH'ially a]>t to form lietwi-eii radius and 
scaphoid lM)ne. When the stiff joint will nol !«■ made movable by 
massape and eleetrieity, a chisi'l operation is the only effective pro- 
cedure under suth eircumstunees. 




cartilufiinou.-i fUiTjicra liroHkiiig up into very lint' filtitiiciit^, Ir-chusc 
the subhitiiiiue wIiIlIi kwps the fibrillie togi'tliur ntidurgoes tlic proo* 
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eR9 of absorption. Then tin; cartilape l)CComoB praituully softened 
down, and at last eroded through tlic friction of the articulating 
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purfaoes. The underlying; bone-ticsue may finnUy be exposed, 
wliieh would favour proliferation of its surfaee, thus causing 
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liypLTOtitoi-is. The spongiosa undorgoes absorption, iind, just liko 
in acute inflammatory atrophy, the trabecular disapi)ear, so that tlie 
whole area becomes rarefied. 

These anatomicnl changes could not bo diagnosticaleil before 
the Rontgon era except by dissection, the soft areas not appearing 
liny softer to tlie touch than 
normal boue-tissuc. The skia- 
graph, of course, reveals the 
iisteitie jiroliferations as well 
as the rarefai'tion in a most 
marked manner. Sometimes 
llierc is |K?rfect synostosis, at 
oilier times the joint seems to 
hiive disappeare<l entirely. 

Fig. 2(U illustrates the 
arlliritie knix.- of a man of 
forty-four years. The osteitic 
proliferations are abundant 
and well marked. Tliere is 
synostosis, which cxj)lains the 
complete osseous ankylosis. 
In a case of this kind the re- 
moval of the proliferations by 
the chisel is advisable, pro- 
vided llie patienl's age and 
conslihdion jiistilits the in- 
ter fcrence. 

l-'ig. a<)5 (sw chapter on* 
51cdico-U-gal Aspects) shows 
abundant i)f*eous prolifenilifm as well as rarefaction of the elbow- 
joint in a man of fifty years, lis efimplication with fracture of the 
coronoid process of the ulna makes it especially inleivstinp. and 
Bhows the great ditlicultics of a c-orrcet artiological appreciation. 




Osseous changes may take place during all stages of syphilis, 
but as a rule only the tertiary stage is fit for skiagraphic repre- 
sentation, the ossifying periostitis of that period being well repre- 
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Bentable. In rare instaneci- the secondary stage aho sIiown marked 
Eignti. The seat of predilection in tliis type of ossifying jwriostitie, 
BR is well known, a- tlie sliull. But the tcdinicnl dlirieiilties, 
alluded to in the Oenoral Part, prevent its clear skiagraphif reprc- 
Bcntation in the great majority of eases. The extremities are a 
much more desirable object for skiagraphic study, and it Is espe- 
cially the tibia, another favourite seat of syphilitic periostitis, 
which shows skiagraphic «igns well. 

At the early stage the periosteum ossifies lo a great extent, 
which finds its skiagraphic expression in the proseni-e of 
well-marked and regular 
shadows, extending par- 
allel to the normal cor- 
tex. This may become so 
dark that the periosteal 
and cortical shadow 
merge into each other, 
it being much darker 
than the shadow iu 
tuberculous periostitis, 
because the deposition 
of calcareous matter In 
syphilitic periostitis is 
much more abundant. 
Differentiation from i)s- 
teoniyelitis is somewhat 
more diflicult becaust- 
ibis affection is also char- 
acterized by the abun- 
dant deposition of cal- 
careous salts. But in 
osteomyelilis there is 
nearly always the dis- 
tention of the bone. 

In order to interpret 
correctly it is, of course, p,^, 8i,._Li.,T.t Dkstkccti.in or Nosb. 
necessary to know the (Coini«reFig. yiO) 

skiagraphic features of 

the normal bone, the main characteristics of which are the regu- 
larity of its shadows. 
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Figs. 20C and 207 Jltugtrute the skull of a woman of thirty-five 
years, who gave a history of infection. Clinical examination had 
revealed the presence of a sequestrum at the frontal bone, but the 
skiagraph (Fig. 208) showed that there were two large necrotic 
fragments. After their removal recovery took place (Fig. 209). 

Fig, 210 illuslrutos complete destnit-tion of the nose. The 
extent of the deficiency is evident from Fig. 211. The destruction 
of the left frontal sinus required removal of a small necrotic 



. illuatiatitig prrioxteiil », 



area there. After an effort to create a new osj^ous support by 
transplantation had failed, injections of paraftin oil were resorted 
to. After twelve injections, made at intervals of three to four 
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days, wore adminUtered, a eullicient amount of tissue was obtained 
to enable the author to form the nostrils. 

Fig. 212 iDuBtrates the periostitic proliferation of the tibia 
in a woman of forty years. The clinical diagnosis oscillated be- 
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tween tuberculosis and osteonivelitis, but the skiagraph pointed 
to specific nature. Rwovery took place after exposure and scraping 
in combination with mixed treatment. 

Fig. 213 illustrates syphilitic dactylitis in a woman of thirty- 
five years. Fracture, contusion, rheumatism, and iubercnlosis had 
been thought of before the skiagraph suggested the advisability of 
an antiluetic therapy. 



CIIAI'TEH XIV 

XKOPLASJJS 

OiteoBarcoma. — Itv reiiliziiig that optcosnrcoina is the most fre- 
quent of iiuirhiii iissi'ons ^rrowtlis, and that of nil tuinnurs sar- 
coma offers tiic pravi'st |ir(igiioiiij, the iniportnncc of a thorough 
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(Sm Fw- 315.) 



diagnosis need not be emphasized. The niatris of osteosarcoma, 
like that of nil osseous growths, is oitlicr the periosteum or the 
medulla, in coin hi nation with the tissue originating from the pro- 
liferation. 
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Periosteal sarcoma is of a iiiodoratc lianlncss, and (TintainB 
either round, or wpindlo. or polymorphous cells. It nltachcs ilself 




I. 'J1S — Pekiobteal Sahi'o 



^S^■e Fig. 



to the l>one liitiTulty. but may in ils fiirtlior ili'vclajiiiK-iit onf-ircle 
it entirely. It may dovclin) into real osleosareoma at a hiter iitufie. 
when os.-ieniis IralM'fiihe are ftirnieil. Tlie .■^kia^irajih nf periosteal 
(sarcoma is cliariieleristii', sim-e il sliovvs fine spiculato*! tralwculue 
wliich niilintc from the purfiu-c. Periosteal *iarconi» spreads rap- 
idly ami is liijfhty mali}i:nant. Whenever Ihe diagnosis is made, 
amputation should In- in- 
sislei! npon. 

Ki^T. aU illiistrat<'s the 
rapidly ili'veh>pin{: [H'rios- 
tejil sarcoma in a hoy of 
Jifteen year.«. 

Fig." •.>[.-. shottv tho re- 
s.Kt.'d UeadofthehumenH 
skiagraphed. The i^nv 
of traiisliiccney as well as 
the periosteal prolifera- 
tions appear wi'il marked. 

Kijr. Sill iliustrales the 
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Sarcoma originating from tlii; medulla is called myelogenous, 
and is of a le»6 malignant character. It may be classified as soft, 
hard, alveolar, and multiple. The soft myelogenous variety 
shows the ordinary texture, the predominating feature being the 
presence of round cells. It has a decide<lly more benign charac- 
ter than the periosteal typo, and therefore justifies a conservative 
attempt — that in, extensive extirpation. Thus the great practical 
value of skiagraphic differentiation is established. 

Spontaneous fracture may be produced by the carious destruc- 
tion of the spongy portion. At a later stage the osseous shell will 
yield, the sarcomatous tissue spreading in every direction. 

This variety has a predilection for the long hones, especially 
their ends, and predominates at tlio lower epiphyses of the femur, 
tibia, humerus, and radius. Skiagraphs of the soft myelogenous 
variety show the absence 
of osseous tissue, although 
small fragments of it are 
sometimes left here and 
there. 

Fig. 220 illustrates the 
faint outlines of bone 
shell in the soft myelo- 
sarcoma of a woman of 
twcnfy-eight years w!io 
had fallen on her hand 
while it was in dorsal 
flexion. The swelling re- 
sulting from the fall pro- 
duced the impression that 
a fracture of the lower 
end of the radius had been 
sustained. Thnn- months 
after the injury, when the 
author saw the patient 
for the first time, a small 
deforniily was noticed, just as it is observed in badly united frac- 
ture of ihe lower radial end; but the consistency of the epiphyseal 
end was soft. The skiagraph failed to show the evidence of bone 
tissue, only one small remnant being left at the outer aspect of 
the radius, ficscction was advised first, but before the patient 
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could make up her niiml, another month clapeed, during which 
tinif the iieojihiMni had grown to the extent JHustratod by Fig. 221. 
In spite of tlie extcntiive propagation renection could still be done. 
No recurrenee had been reported eighteen months after the oper- 
ation. 

Fig. 292 shows osteosarcoma propi-r in a woman of forty years. 
The destruction of the lower third of the radius and of a large 
portion of the carpus is seen. Uesection was perfornie<l more than 
four years ago. The |)erfe<t result was illustrated by a later skia- 
graph, which showed a slight and most uniform atrophy of the 




whole left hand. In a third Nkiagra|ih, which was taken four 
years after the o])eration. the regeneration of the osseous tissue 
can Ix' well studie.1. 

Fig. 22;t ilhistrati's the same tyj>e in a woman of twenty-nine 
yean;. A eonsenative operation was proposed n year ago. So far 
no rciiirrcnec is oljstTved. 

The hard myelogenous variety, generally called endosteal or 
central sjireoina. also shows the ordinary sarcomatous structure. 
But ils distinguishing feature is its fibrous texture and the pres- 
euK' of spindle cells. Some portions contain various tissues, the 
spindle-ceil tissue often containing giant cells. If smaller or 
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larger bone trabeculse are produced, it is called osteosarcoma 
proper; if thero are calcareous deposits, petrifjiiig sarcoma. If 
the tissuci) become vascular, telangiectatic sarcoma will develop, 
which may be mistaken for an aneurysm. In later stages, when 
there is a regressive metamorphosis, fatty or cystic degeneration 
may take place. Then neoplasms, which occur especially in the 
femur, tibia, and inferior maxilla, may attain an enormous size. 
The skiagraph of osteosarcoma proper shows more osseous tissue 
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than the periosteal variety, but its outlines are very irregular. 
They usually commence near the epiphrais of a long bone. 

P'ig. 2^4 illustnites the cystic osteosarcoma of the fenmr in 
a man of forty-eight years. The first signs of the swelling were 
observed throe months l)cfore the skiagraph was taken, hut there 
were vague symptomsi, especially pain in tliis region and disturb- 
ance of function, about nine months before that time, which 
were interpreted as muscular rheumatism. Inspection and palpa- 
tion revealed the presence of a cyst, filled to half of its extent 
with serum, the microscopical examination of which proved to be 
negative. The skiagraph revealed the presence of bone-prolifera- 
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tion arouiiil llie whole fireiinifereupf of 1iic iiii.Mk' nt (lie femur, 
eurrounded Ijy a very liglit iireii. The liiller im^icated the L-yetio 
fluid. The knowlwlge ihnt itii- siivcoma was of a myelogenous 
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course, must show whether amputation can finally be avoided. 
The microscope demonstrated the presonee of giant cells. 

To illustrate the value of the rajs in diflercntiatlon. Fig. 225 
may serve as a counterpart. It concerns a lady of forty-nine years 
who noticed a slowly growing tumour in her thigh. When the 
autlior examined her, a globular tumour of a soft consistency was 
found to occupy the larger half of the thigh. Some portions aji- 
penR'd to he fibrous, while 
others showed pseudolluct na- 
tion. The history, especially 
the painless orn^^'t and the 
location, gave the author the 
impression that a malignant 
growth, perhaps a cystosar- 
coma, was developing. As- 
piration was suggested, but 
the patient, whose domicile 
was at a great distance from 
Xcw York, gave the author 
no chance for this procedure. 
A skiagraph, however, was 
obtained which proved two 
points at least. In the first 
place the integrity of the Iwne 
was evident, thus excluding 
osteosarcoma; and secondly 
the shadow of the tumour was 
so R'gular, and so opaque, in 
contradistinction to the light 
cystic area of the case illus- 
trated by Fig. 224, that a solid 

tumour, independent from the bone, had to he assumetl. The 
operation revealed the presence of a large lijionia, as the author 
learned later on by the courtesy of the surgeon who removed it. 

The alveolar variety is characterized by its alveolar stroma, 
which contains nests of large cells. This form has a predilection 
for the bones of the skull and the trunk. 

The multiple variety (8o-calle<l myeloma), characterized l)y 
the presence of numerous whitish foci, consists of small round 
cells. It has the same structure as the lymphoid sarcoma. It is 
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nearly exclusively found in ver>' old individuals, for whose skull 
and trunk it shows the same predilection as the former variety. 

The skiagraph of the alveolar as well as that of the multiple 
type shows the foci as light irregular shadowe. Their structure, 
their manner of destroying the pre-existing bone tissue, their 
thin osseous walls, and their trabecular formation furnish the 
stand-point for their skiagraphic study. Osteoporosis of the trabe- 
uUe means decalcification of the bony portion affected, which es- 
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plai 



their foggy shad- 




Intraosseous tension 
is responsible for the ex- 
pansion of the compact 
osseous layer, which is 
thus made gradually 
wt'aker, and at last almost 
entirely disappears. Thus 
wc sec that it is the ab- 
normal and indefinite out- 
line or even the entire ab- 
sence of the osseous cells, 
the cortex especially dis- 
jipiwaring, which is more 
or less characteristic of 
the various types of osse- 
ous sarconui in contra- 
ilistinctinn to other bone 



l-'i; 



■ shows skia- 



grapli of alveolar sar- 
coma of superior maxilla 
au(i OS fronlis. 
In <'hronic osleojx'ri ostitis the walls a[ipp!ir irrepular. too, but 
the irregularity is one-sided, and there is n globular or spindle 
shape. In tul)orculosis the .-ihndow wouhl bo cloudy or shaggy. 
In osteomvolilis the cortex shows nearly normal outlines. 



Onleomii, of course, shows the shape of the os,*eous deformity, 
hut there is the normal architectonic structure. Fig. S27 illustrates 
osteoma at Hie outer aspect of the up|)cr third of the humerus in 
a boy of five years. His history showed that there was a fall more 
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Fio. 238.— Multiple Biostobes (Uuhebus, Scapula 

than a year before the development of tlie bony projection. The nor- 
mal osseous structure, as it was evident from the skiagraph, proved 
the absence of a malignant growth. The same applies to exostosU. 

Fig. 'Z'iS illustrates multiple 
e.vuEitositi in a boy of five years 
who is perfectly normal other- 
wise. 

In chondroma there is a regu- 
lar hght-shade area in accord- 
ance with its cartilaginous char- 
acter. 

Fig. 229, for instance, illus- 
trates a chondroma at the outer 
aspect of the first phalanx of 
the middle finjier. The micro- 
scopical e.xamination made after 
the removal of the tumour cor- 
n)borated the correctness of the 
ekiagriiph (Fig. 2'M). 

Fig. 231 shows the remnant 





Fio, 330.— Chondkosia of Pibbt Pualani of Miboi-e Pinqeb. (See Fig. 329.) 
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of a small flbromatous growth at the outer aMi><>ct of the sucund pha- 
langeal joint of tlio fourth phalanx. The growth was ht-Iiuved to 
be a simple wart, therefore it wan cut off tiiish witli the skin and 
cauterized. But the wound did not heal. The skiagraph of eourse 
suggested extiriwtiou of llic remaining portion of the fihronia. 

In acroiiugaltf the jiliahuiges of the huiul are hroadcr tlitin 
normal, and sli<)W no osteophytes, while llieir cinjihyscal ends are 
ihii-kcncd, llic long hones H|>]n'aring stniigliter and broader than 



Pro SW. — Foot in ArHOMEOAi.v. 

normal (Fig. 232). Sonic of the carjial as well as tarsal hones, 
are distinguished by the presence of exostoses. 

Similar osseous and articular i-lmngcs are found in the so- 
called osteoarthropathie hypcrtrophianto pneumiquc. 

In my.va-dcnui the ejiijiliyscal lines of llie long Ixmes an' hyjier- 
Iropbied and show rich osseous proli reratioii.<. which, however, con- 
tain hut few crtleareous salts. 

In the obocure vaso-motorio lesion, called RaijimiuVif liwasf. 
the nutrition of the bones is also disturlted. slight pniliferatiouB 
and rarefaction being observed by the author. (See Report of 
Literature.) 
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Cysts of the long bones are of a decidedly benign character, 
and consequently tbi'y are aecossible to conservative surgical 
treatment. But, unfortunately, their signs resemble those of 
osteosarcoma so much tluit the temptation to treat them alike is 
not small. In view of its malignant character, osteosarcoma justi- 
fies the most radical steps, nhile osseous cysts demand simple 
opening and emptying of the cavity. 

The grave prognosis nf sarcoma arms the surgeon against any 
feeling of sentimentality. Under the circumstances he will not 
shrink from urgently advising one of the most multilating oper- 
ations, because he knows tlial otherwise not only a limb, but also 
life will be lost. 

On the other hand, how iiaiiifuj nmst it he for a surgeon to 
find that because of his error of diagnosis such radical steps have 
been taken unnecessarily; that, in other words, an extremity was 
amputated where only an osseous cyst existed, which could have 
been cured by simple incision. 

Indeed, it is not very difficult to confound the two diseases. 
Osseous cyst resembles osteosarcoma in its slow and painless 
onset, often preceded by an injury, in the gradual bulging of the 
area involved, and in its preferem'c for youthful age. The differen- 
tial diagnosis therefore can ueitJicr bo made by simply considering 
the history, nor by inspection, nor by palpation. 

The fact that the interior of the cyst is filled with opaque 
bloody serum, and that its walls are lined with a smooth coat, 
while in osteosarcoma solid masses are formed, indicates that an 
exploratory incisiim combined with microscopical examination 
would clear the question of diagnosis. 

But here, also, as in iniiny other obscure ailments, the llontgen 
rays have shown their usefulness. Not only do they differentiate 
well, but they even give us more valuable informntion than the 
exploratory incision ilself, which, therefore, should always be pre- 
ceded by skiagraphic examination : and for the patient a skia- 
graphic exposure is certainly more agreeable than an exploratory 
operation. After a conservative operation has been decided upon 
the microscopical examination may well be made after the oper- 
ation. 
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From a skiagraphic study of 107 cases of osteosarcomas, the 
writer feels justified in saying that in osteosarcoma the outlined 
of the bone always appear more or less abnormal and indefinite, 
some areas even appearing entirely translucent; while in osseous 
cyst the cortex appears thin and narrow, but well marked and 
regular. The fluid centre of the bone is entirely translucent, the 
light shadow showing the same regularity. The adjacent epiphyses 
are normal. Only in the rare event of cystic degeneration at the 
upper epiphysis of the femur it must be considered that the regu- 
larity of the translucent (cystic) area is somewhat impaired by the 
anatomical peculiarities of tJie trochanter major. 

It is especially the regularity of the texture of the walls of 
the cavity as they appear on the skiagraph wliich seem to be the 
characteristic skiagraphic features of osseous cyst in contradis- 
tinction to the irregular texture of osteosarcoma. It may be added 
that the vicinity of the epiphysis is also in favour of osseous cyst 
for histological reasons, as will be explained below. 

The following cases may serve as a practical illustration of 
the value of the Rontgen rays in differentiation : 

Case I, presented to the surgical section of the Academy of 
Medicine, March 11, 1901. H. C, a well-nourished boy, aged ten 
years, emigrated from Russia several months ago and presented 
himself on Xovembt^r 18, 1900. His family history is good. He 
was always well until eleven months ago, when he fell into an ex- 
cavation on the street. On account of the intense pain in the 
upper portion of his right tibia and the functional disability a 
fracture was thought of at first, but after having remained in bed 
for two days he was able to walk around again. Four weeks later 
he fell again on the street, showing the same symptoms as on the 
previous accident, but this time he had to stay in bed for four 
weeks. It was then that a swelling of the size of a large filbert was 
detected at the spine of the right tibia. 

Three months before the demonstration he fell for the third 
time, then being confined in bed for six weeks. ^Vhen he got up 
he was free from pain, but he limped, and the swelling below his 
right knee had increased markedly. Walking had become more 
and more difficult. 

The mother reported that she had sought surgical advice and 
that the tumour had been pronounced to be a malignant growth, 
which demanded immediate operation to save the boy's life. 
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Inspect inn rcM'ulcd a mtriiial aud I'rtely movable kiicc-joint. 
Nearly the whole upper halt of the tiliia was occupied by a painlees 
swellinjT, whii'h had Ihe shajw nf a sjiimlle, and was most |iri>- 
nouHfed anteriorly, il k-gan at the epiphyseal line, reaehed its 
height al the uppur third of the tibia, and merged gradually into 
the normal fealures of the tibia at its middle. The fibula ap- 
peared In I"' enlirrly nonniil. The I'iren inference of Ihc leg at the 
mosl |>ri.iiiineiit point was 3(1 cuutimetrcs. while that of the left 
Irfj ineasnred 25 eenti- 
Thc surface 
> tumonr was 
smoolh. Its eonsist- 
I'ncy was hard; a few 
nrcuM appeared slightly 
sofiiT, Knreihle pn-ss- 
lui' revealed tlie [ircfi- 
enci' of iiJenia. There 
was neither pulsation 
nor diietnalion. The 
fkin was normal and 
movable. The inguinal 
re^'ion did not show 
the prL>si?n(r of swollen 
glands. 

It was no more 
ini natural, in view 
i\u-M- faets, to think 
a I an ostetisareorna 
had tn 1m' dealt with; 
but befoie arriving at 
a definite eouclusiou the writer consulted tht' Konlgm rays, whieh 
revealed Ihc presenee of a large trianguiai siiajie the base of 
which corresponded to the epiphyseal line The triangle was sur- 
rounded by a narrow dark and rcjrularly arranged shadow, which 
represented the distended but otherwise normal cortex of the tibia. 
The light shadow was interpreted as a cavity, presumably contain- 
ing a fluid of some kind. The normal outlines of ihe fibula 
could be distinctly recognised through the light area, although 
the inner surface of the leg rested on the photographic plate 
(Fig. 233). 
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riie niMrked regularity of the texture of the eortex, as well a? 
the uniformity of the light shadow representing the eavity, con- 
vineed the writer that osteosarcoma was not present in this case, 
therefore he advised conservative ojKjration. This was performed 
at St. Mark's Hospital, November 21, 1900. 

The anterior surface of tlie tumour was first exposed. After 
having incised the thin bone shell with a bone-knife bloody serum 
escaiKMl through the opening made. Now an elliptic portion was 
removed from the osseous shell in order to get access to the large 
cavitv, which was fdled with black, bh)odv, viscid serum. There 
were no coagula. The osseous walls were lined with a thin mem- 
brane, and the cavitv was traversed bv a few fibres of osseous rem- 
nants, arranges! like network, l)ut not nnich thicker than a thread. 

After having scooped out the cavity thoroughly its osseous 
wall were so thin that by pressing ihem together forcil)ly — in- 
fracturing them, in fact — their inner surfaces could be well ap- 
proximated, so that no more cavity existed, so to say. Instead 
of packing the cavity, the writer preferred to resort to this unusual 
procedure, analogous to the princi|)h»s of approximation of the 
chest-wall in old pyothorax. Only in the lower edge of the bone 
wound a small iodoform wick was introduced. There was con- 
sideral)le bloody (►ozing until live days after the o]M*ration, when 
the secreti<m iM'came s<*rous. Recovery was uninterrupted. Only 
a snmll sinus, discharging a few drops of serum in a day, is still 
pres(»nt. The patient has now U'cn uj) for two W(»eks and walks 
well. The repair was al^o well illustrated by a skiagraph taken 
two mcmths after operation. At the present writing th<» patient is 
well. The microscopical examination of tb(» exsc'cted bone-frag- 
ment an<l its membrane, made bv th<» courtesv of Prof. Henrv 
T. Brooks, showed the pns<'nc(» of many nuind c<'lls, (»s|)ceially 
around the bbuxl -vessels. TIhtc was no e])ithelial stratum nor any 
evidence (jf bncteria. 

Case 11. — K. T., a girl, aged thirteen years, l)orn in Xew York 
city, presented hers(»lf to the writer on April 4, 18J)9. Eight 
months ago she slipped on a stairway and was unable to stand 
on her fe(»t again. The left ankle In^came swollen and painful. 
Fomentations were applied for several wcH'ks. Xo medical advice 
was sought until the swelling, which, after four w(»eks' rest, had 
become painless, increased. 

The family history of the patient was good. Inspection re- 
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vealed a movable ankle-joint. Tlie lower third of the tibia was 
occupied by a painless tumour, which apjiears like exuberant calhi>< 
formation. The external miillcoUis is normal. The circumference 
of the leg at the iTiost prominent point is 22 centimetres, while 
that of the right leg measures 18 eentimetrcB. The surface of the 
tumour is smooth ; the consistency is hard. A skiagraph taken at 
once revealed the same condition present in Case I, with the dif- 
ference that the shadow of the cortex is somewhat larger, (The 
American Journal of the Medical Sciencer!, June, IDOl.) 

The operation was the same as in Case I. The cavity contained 
the same black, viscid scrum ; the walls of the cavity, however, 
were thicker th.in those of Case I, and to their inner surface a 
stratum of gniyish-white tissue was attached. It had the appear- 
ance of enchondromaioiis masses and proved to consist of carti- 
laginous tissue. The microscopical examination revealed an 
abundance of nuclei, esjwiially of round cells, surrounded by 
myxomatous and disiiitcjiraled tissue. The walls could not be ap- 
proximated as well as in Case I by forcible compression. The 
remainder of the cavity, therefore, was packed with iodoform 
gauze. Recovery was perfect after four and a half months. The 
patient has remained well ever since. 

The a'tiologv of osseous cysts is still sub jiidice. Virchow • 
maintains that all osseous cysts are the softened products of de- 
generation of such growths that were solid formerly. Such solid 
tumours fihoiild have originated from erratic cartilaginous frag- 
ments left from the epiphyseal line. 

Schlange, according to his cxc-ellent mi^iograph, obscrvcil car- 
tilaginous fragments in the tissues of the cyst-wall. Similar obser- 
vations were made by Franz Kocnig, by Dct'tz, and Koch. 

At the early st:ige osseous cysts. U^ tlicy in (be tibia or in 
the femur, are easily overlooked, the symptoms l>ciiig insignificant. 
Sometimes there is very flight intermittent jiain. The joints are 
freely movable, and neither inspection nor palpation reveal any 
abnormality. After months the circumference of the extremity 
may appear very slightly enlarged, but the symptoms may not be 
fully appreciated until a fall on the thin shell of the cortex pro- 
duces a fracture. AVhcther in our cases fracture had occurred 
could not be elicited. Relying upon the Rontgcn rays, the writer 

' Virchow : tJeber Hildung too KnoL-hencj'sti-n, SfonatHherirht dei Berliner 
Akodemip der WUsenBuhaneQ. Matbpmntisch-physikalische Klaaie, 1876. 
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was inclined to believe that the previous injuries had the charac- 
ter of severe contusions. In view of the difficulty of differentiating 
between a benign cyst, accessible to conservative surgery, and osteo- 
sarcoma, demanding tlie most radical measures, the writer advocates 
exposing all osseous growths to the Rontgen rays before passing 
a final judgment in a matter of such grave importance. 

Case III. — A girl of eleven, born in Germany of weakly 
parents, noticed a diminutive swelling on the upper third of the 
tibia about a year ago, shortly after a heavy substance had fallen 
on the leg. It caused her no pain at the time. But as the swelling 
increased considerably in size, a dull pain with some loss of func- 
tion set in. The patellar reflex was exaggerated. The region of 
the swelling is painful on pressure. The swelling can be indented 
and a crackling sound can be heard. 

The patient shows evidence of enlarged glands in the neck, 
and adenoid growths in the nasopharynx. When a child she had 
measles and scarlet fever. 

The Rontgen picture shows a regular and sharply outlined 
cortical line of the thickness of a playing card. It represents the 
boundary of a tnintsparent oval space and spindle-shaj)ed form. 
The cohesion of the sheath is not severed at any point. The 
epiphyses are normal. 

The diagnosis of oss^eous cyst was made accordingly, and an 
incision made at St. Mark's Hospital. The diagnosis was verified 
by the operation. 

The smooth walls of the cavity, which was about the size of 
an apple, were lined with connective tissue. The contents con- 
sisted of a thin, sanguineous fluid. The microscopical examination 
of the cyst-wall, composed of several lamella\ showed tralieculae 
of bone as well as marrow substance transformed into fibrous 
tissue. In between granulation tissue was found, as was the case 
in the other specimens. Around the blood-vessels many round 
cells and large polynuclear cells were found. As in the other cases 
r.n epithelium stratum was not found. 

The walls of the cavity were approximated by strong com- 
pression, which allows to diminish the size of the cavity percep- 
tibly. A knife-point of granular iodoform is dropped into the 
depth of the cavity and wicks of iodoform gauze are placed in the 
upper and lower wound margins. Recovery was perfect in three 
months. 
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Case IV. — Tlio same conditions were found in the head of 

the humerus of a Russijin girl of nineteen yeare, who gave n his- 
tory of an injiirv there wliich was treated for fracture during five 
months until the rays revealed the nature of the swelling of her 
sliouliliT. 'I'lu' I'vstyc area was of globular shape. 

The literature on osseous cvsts is still very scant. It is to be 
hoped, llimigh, that with the ever- increasing interest and recogni- 
tion of the Riintjfen-ray diagnosis the number of the cases observed 
will grow larger and larger, so that we may look forward to a sol'J- 
tion of tile rjuestinn of ivtiology. As yet it is still sub juiiice. 
Virchow's idea ihal osseous cysts are the softened product of the 
degeneration of iiniiours caniiol l>c upheld in the light of clinical 
experience. It is true that cystic degeneration may take place in 
myxoiiKi, fibrinua, niy\<'fibronia, osteofibroma, chondroma, and 
sarcoTna. Kvcii mulliloculur cysts may arise from the degenera- 
tion of largi' sarcomala. They show a malignant character, liow- 
ever, their iitiannu'sis is different, and the Rontgen picture shows 
an irregular shape, whiih is due In the fact that the ensheathing 
walls ccmsist not only of tumourous or connective, but also of 
bore tissue. Again, the true osseous cyst is a disease of the period 
of development. The author looks upon them as the product of an 
iiiflammatiiry atrophy, which bears relation to the rarefying dis- 
eases as represented by osteomalacia, and especially rhachitis. Sim- 
ilar to the latter the osseous cyst denotes a disturbance of nutri- 
tion which is chariK-terized by an increased absorption of bone, 
finally leading lo a disai)]>en ranee of a part of the bone tissue. 
Tliat portion of the bone cortex which lies nearest the periosteum 
resists the absorption of the calcium salts the longest, and this is 
the explanation of the very thin, but still plaiidy visible bone-line 
on the Riintgen picture. The spongeoiis portion which lies nearest 
the epiphyseal cartilage forms the scat of cartilaginous deposits, 
which show a dciidr'il tcndencv to spread. .\ny irritation, espe- 
cially trauma, will increase this tendency, and an inflammatory 
atrophy sets in. It rcscinlilcs that which we see following phleg- 
monous or arllirilic processes or exlcnsivc fractures. Gradually the 
bony structure of the spongiosa disappears until only a few lamella 
are left. 

Not only the age, hut al.so the unexceptional preference of the 
osseous cysts for Ihe eiiiphyseal region, speak in favour of the 
relationship with rhachitis. Another striking factor is that all of 
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llie author's cases have Ik^'ii born in regions in which rhachitis 
is endemic. 

Some one may criticise that the author is not justified in draw- 
ing up general diagnostic rules, having only four cases to fall back 
upon. But to this is to be responded in advance that for the last 
seven years it has been customary in the writer's three clinics to 
skiagraph every bone affection. Owing to the courtesy of his pro- 
fessional friends the author was al)le to represent 107 cas(»s of 
osteosarcoma up to the present time. These cases were studied 
thoroughly, and as the majority was operated upon, the micro- 
scopical diagnosis could be added in most cases. In none of these 
cases were these three found: 

Regularity of the thin cortex, parallel with the oval, spindle- 
shaped or trianguar transparency of the distended cavity. Of 
course there are some cases among these which simulate tlie typical 
osseous cvst, but on closer examination we find an insufficient 
transparency or severing of the cortical line. The author regards 
himself justified, therefore, to impress the importance of these 
j)oints of differential diagnosis upon his colleagues. 

Tubes of medium hardness must be used. If hard tubes are 
selected the thin cortex becomes transparent also, and the same 
conditions as in osteosarcoma may be produced on the plate. 
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CHAPTER XV 
VTILlZATlOy OF THE RoyTOES RAYS IN FRACTURES 

As is iifll known, lln> first objcfl of a rational therapy of all 
frattiiri's iB the consoliilatioii of the fractured ends without any 
displacement and without injuring the adjacent tissues, or the 
function of the iinih. It U evident tliat if there is no (/isplaee- 
nicnt no (■['[ilacenicnt (or, liettiT said, reposition) will U* neces- 
eary. All that is then required is to protect the injured limb in its 
normal position. This is done by proper iinrnobilization. 

In the great majority of cases, however, more or less displace- 
ment follows the fracture. In such an event, of course, the dis- 
placed fragments must be reduced to their normal position. 
After exact reiiosiiion has been attained, proper fixation in the 
normal position is in order. These doctrines are so simple that it 
seems almost unnecost^ary to repeat ihem. Yet they are frequently 
violated. The functional impairment following non-reduced frac- 
tures, es|>eeially the formation of adhesions, has led a number of 
surgeons to enunciate the dogma that the treatment of the soft 
tissues is the most important part in tJie treatment of fracture. 
They claim, in other words, (liat U-cause the function of the soft 
tissues, for instance, of the tendons, is impaired after an unre- 
duced fracture, the soft tissues should have received more atten- 
tion, instead of the displaced fragment having simply been reduced 
*to where it belongs. Nothing, in fact, is more contrary to com- 
mon sense than this dangerous maxim, which is partially based 
upon correct observation, hut entirely npon incorrect interpreta- 
tion. It should always he considered that the relations of the soft 
tissues to the bones are like those of the clinging vine to the 
sturdy oak. 

Oalen says that the bones give the human body form, crect- 
ness, and firmness. It is evident that an injury of the bones im- 
pairs these three fundamental factors. The most important step 
towards repair must thus be taken in the foundations rather than 
in the superimposed structures. 



THE RONTGEX RAYS IN FRACTURES 307 

If there is displacement of the bone fragments, undue pressure 
mubt necessarily be made upon the soft tissue; non-reduction 
means persistence of pressure, the fatal consequences of which are 
well known. Reduction means the relief of pressure. If in the 
frequent fracture of the carpal end of the radius the lower frag- 
ment is displaced upward (compare Fig. 248) the extensors are 
unduly stretched, as they are upheld like the strings of a violin by 
the bridge. Of course, the act of injury to the soft tissues can- 
not be undone by the mere cessation of pressure — that is, by re- 
duction — but the influence of the injury on the soft tissues — the 
influence of the pressure, in fact — lasts only a short time, and is 
insignificant after early reduction, and therefore repair is easy. 
This means tliat the main ])rcmise of adhesion — formation, is 
wanting. And clinical observation shows that with perfect reposi- 
tion the joints as well as the sheaths of the tendons are found 
free, provided the immobilization has not lasted for an extraordi- 
nary length of time. 

A fracture is a solution in the continuity of the bone, just as a 
wound is a solution in the continuity of the tissues in general. 
The aim of modern wound treatment is union by first intention. 
The most important requirement for this end is, besides aseptic 
})recautions, the thorough adaptation of the wound surfaces. 

Xo surgeon would expect agglutination if there be displace- 
ment, diastasis, or overlapping of the wound margins. The same 
principle applies to the treatment of the margins of the bone frag- 
ments. It is true that manual coaptation is a little more difficult 
than suturing; still, under the guidance of the Rontgen rays it 
can always lie accomplished if there are no extraordinary circum- 
stances. Before their advent it was usuallv the final result alone 
which told of the success or failure of treatment. That result 
was then a fait accompli^ and the time for })roper correction had 
passed. 

Now, with our Rontgen-light mentor we can tell from the very 
beginning what the result will l)e. If the " Rontgen mirror" re- 
flects perfect coaptation of the fragments underneath the dressing, 
the final n^ult must l)e good. There will be hardly any reaction ; 
no exudation will form around the agglutinating surfaces, and 
consequently there will be no adhesions. Even in those cases in 
which considerable displacement, or comminution, or both, have 
injured the soft tissues, little reaction follows within them, if 
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reduction be lliorougli. And if reduction is iinjujepiljlp, (lie Rijnt- 
geii ra.yis jioint to those fragments which are to bo removed shortiy 
after the injury. Tliis is |>rerenibte to wniting for nionlhs. ex- 
hausting all nieclianiea! means, and finally arriving at the conclu- 
Bion that the deforming fragments had l)etter be removed. What 
many of us have in former year.* regarded as a ealhis was nothing 
hut a projecting piece of hone- fragment in a displaced position. 
It may, perhaps. Ite a pardonable policy to adhere to this most 
euphonic term in the presence of the inquisitive and criticising 
patient, who has a dangerous desire of learning tlie cause of his 
giblmus joint. But a scientific forum cannot ignore this frequent 
failure to reduce. 

The regular scar of a well-united wound must be the model of 
our therapeutic eiforts. Direct union is to be striven for. What 
is termed cnshcjithiiig callus-formation means union hy second in- 
tention: (his is certainly undt-sinible as long as union per priinam 
can be well accoin]iIished. Kushcalhing callus is the eonijx'nsating 
effort of nature to overcome the unreduced deformity and to 
bridge over the hiatus made by irregular adaptation. 

In order to accomplish exact rciK>sition, the degree and the 
direction of the displacement, as it is shown by the Rontgen rays, 
must l>e first considered. It is true that an experienced surgeon 
will often guess right, but he will never l-now, except by his infalli- 
ble adjunct, the Rontgen rays. The only safe method is tlie self- 
control by the Kiinlgen ray.*. It may apiiear to l>e unjust to 
demand of the struggling practitioner Ihat he should su]>]ily Iiini- 
self with an e.\pensivc Riinlgcn apparntus, but after all there will 
hardly be any other choice. The public is cruel, and the patient's 
interest concenlratcs itself almost entirely in his own welfare. 
These principles ajiply especially to fractures situated near a joint. 
Contusion and distortion are sometimes taken for lissure and 
often for non-displaced fracture, and rire rer.w, as the symptoms — 
local pain and enlargement — ^are common to all. Crepitus and 
false motion are absent, and this is not surprising, if there is 
much swelling or impaction. 

If the principles of immediate reduition are adhered to. the 
"gibbous wrist" will cease to Ije counted among the inevitable 
inventory of surgical elinii's. Still, the author is afraid, this is 
a pious wish as long as there are surgeons who imagine lhat by 
virtue of their own especially developed palpatory talent they can 
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judge the details of any fracture without the aid of the Rontgen 
rays. Some are willing to use them in " obscure " cases, but they 
do not realize that the cases which they regard as " non-obscure " 
would appear in a different light when skiagraphed. In other 
words, what they regard to be a simple fracture often turns out to 
be a complicated condition. The paradox may be justified here, 
that if they would see this complicated condition or the fractured 
type in its proper light, it would then seem obscure to them. 

As said above, if there is no displacement, no effort of reposi- > 
tion should be made. How absurd then to subject the patient, 
as is often done, to painful procedures. In simple fissure, union 
may bo perfect under any, or even in spite of any, form of treat- 
ment. If the surgeon, led by anatomical knowledge, does practi- 
cally the same as the quack docs on account of his ignorance — 
namely, leave the healing process to nature — the same good result 
mav finallv be obtained. The scientific treatment of fissure or non- 
displaced fracture in which portions of the periosteum still main- 
tain slight cohesion of the fragments, viz.. slight immobilization, 
will not alter anv of its mechanism, but it will at least have the 
value of a greater or lesser comfort for the patient ; and in cases 
of this kind wc must be warned against scientific nihilism. 



CIIAI'TKK XVI 

THE OPEHATIVK THEATilKXT OF I1EF0H.MEI) FltACTCRE 
AS JXDJCATEli IIY THE IMXTOKX HAVS 

lh>w ..ficii iT[".sin<.n is iiri]«Tfc.t if n.-l c. lit rolled li_v ill.' Hiiiit- 
gi'ii niys liiis r<'[M.'jili'ilIy Imvii s-limvn in llic author's own cases. Fig. 
234 shows friu-lurc of llif fibvila in iiialposilinn tliroiifrli n pltistcr- 
of-Piiris (trc'ssiiig. The dressing was applieit after tlip reposition 
was thought to hnvc Imvii perfect by iin execllcut surpeon. Of 
course the (irt-ssiufr «as removed ji^ain wlien i\w. surgeon saw 

dircctiim. whapc, ami len{;th of a liinh. that its function becomes 
im)ijiirc(! or aiinullcil. Inipairnicnt of shape is pcnerally not so 
(irjivc as that of len-fth, cspeciiiliy when the lower extremity is 
concerned. 

The projecting ends of fragments, when nulled in 11 false posi- 
tion, freipiently priMluec irritation of the lu'iphboiiring tissue. It 
niHV be a sharp-pointed trngTnent. which, if not reduccil at onee, 
may put the overlying skin under such e\trenu' tension that grad- 
ual jvnelralinn will take |>lace. This event, changiu-r a simple 
fraeliire into a compound one, is favoured where Imiie surfaces are 
located su|HT(iclally. as at the tiliia and the lower third of the 
radius nnd ulna. 

Or the displaced fragments may 1k' ,-itiiati>d in lhe Tieighhonr- 
hood of a joint, one riding upon the other, so lh;il extreme pro- 
trusion of one of the fragments is caused. This would render the 
motion of the joint painful or even impossible. If the fragments 
protrude far, as often luipjiens when they are in juxhi|iositlnn. 
there is compn'ssion of the snfl tissues. .\ nerve passing over this 
region will then lie dislnealed or unditly strclelied, so that atrophy 
or inflammatory irritation may result. In the latter instance neu- 
ritis, in the first paralysis, may bo e.xpeclcd. .\inoug all nerves 
the radial is the one most frequently concerned. The author has 
described cases of this kind in previous publications (see Fig. 142 
810 
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and 1 13, tiiitl Fortschrilto auf ik-m Ocbifte der l{ont};ciistnilikii, 
Bund V, Hninburg). Tlie iixiilary pluxus may be injured in frae- 
liirw of tlie i-Iavide fiiUowod by backward displiiccnient and by 
thai of tlie HLtk of Ihc huinpnis; the ulna by frutturo of the ulna 
or llie lower end of ilie humerus; the median nerve in eompound 
fraeture of the humerus and radiui;; tlie tibial nerve after tnietnre 
of tlie tibia; and the iiemneal after fraeture of fennir and fibula. 

Vp to the present time the eorreetion of these deformitiea has 
not been freiiuently undertaken, although the Itiintgen rays now 
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enable ns to make a thorough diagnosis of the anatomieat rela- 
tions of the fragments us well as to outline our operative steps in 
advanee. The author has taken every opportunity to eritieise the 
dejilorahle indifferenee and to emphasize the feeling of security the 
surgeon enjovf! now while proeeeding under the mentorship of the 
skiagraph. The direction of the displacement can easily lie ascer- 
tained, and if two or three weeks only have elapsed, the refracture 
under nna<sthesia at the «lgc of the tabic will often suffice to cor- 
rect the mnlunion. 

Fig. 2.15 shows a case of fracture of the surgical neck of the 
humerus, in which the diaphysis had slipped upward alongside 
tlie head of the humeniB, so that union had taken place iD juxtapo- 
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eition. Although five weeks had elapsed, refraeturing the frag- 
ments by bending theni over the edge of the table was successftil. 
Without the guidance of the rays, which showed the anatomical 
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relations most clearlv, the autlior Mould liave had neither the 
courage nor the ability to perform the correction, which, in fact, 
was done easily enough, since it could be estimated exactly how to 
direct the force of the manipulations. In transverse fractures re- 
fracture may even be tried months afterward, provided there is 
axial displacement (see Figs. 33, 34, 35). 

If such procedures fail, the only remedy consists in osteotomy 
in the fracture-line. This is especially indicated when the frag- 
ments are in juxtaposition (Fig. 24G). If thorough aseptic pre- 
cautions are taken, tearing of the wound edges especially being 
avoided, and the wound itself coming in contact with the hands 
of the surgeon as little as possible, no reaction will take place. 

In fracture of a single bone, such as the femur or humerus, a 
longitudinal incision should, as a rule, be made over the most 
prominent part of the displaced fragment, except it be in the im- 
mediate neighbourhood of a large vessel, which is to be avoided. 
In fracture of the femur, for instance, the exterior or posterior 
surface should be preferred. 

In fracture of two bones (tibia and fibula or radius and ulna) 
a semilunar incision, preferably on the extensor surface, is recom- 
mended, since it exposes both bones simultaneously. The peri- 
osteum is divided longitudinally and shifted aside by the use of a 
periosteal elevator. Old adhesions are thoroughly freed with the 
bone knife, and the united ends separated with hammer and chisel 
(linear osteotomy). Then the fragments are bent, the whole limb 
being folded, so to speak. An assistant steadies the two folded 
portions after they are encircled with a strong bandage, so that 
the bone ends can be trimmed properly. This can be accomplished 
in various ways, the author's own ex|K»rience being in favour of 
triangular indentation. This mode of procedure permits of a 
most accurate adaptation and immobilization, and seldom requires 
the use of foreign bodies for fixation. A wedge is removed from 
one end of the fragments, into which the other end is made to fit 
by the use of a saw (preferably a wire saw). In bones presenting 
broad transverse surfaces the adaptation may ])e made still more 
intimate by creating two triangular tips fitting into two propor- 
tional wedges. After the fragments are well approximated, the 
periosteal margins, as well as the fasciae, are united separately. If 
aseptic pn»cautions, hsemostasis, and coaptation are jierfwt, no re- 
action follows. The wound is simply protected by iodoform gauze 
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and a piece of moss board, and a fenestrated plaslcr-of-Paris dresH- 
ing is applied over the wound drcssinp. In operations on the 
femur such ininiobilizatinn may be combined with an extension 
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apparatus. Simr the Itiinip'n ravs jHTiueatc even tlie phistcr-of- 
I'uris drcssiu;;, the immedinle result of the cniiptiition is easily 
studied, and modified it uecossurv. 

Approximatiiin and ii.viitinn Ciiii idsn W iiiT"ni]ilisiied hy the 
iiM> of silver vui; wliich is drawn lhr"u;:h holes Imrcd in the end 
of each fragment. In '>lilii|Ui' fruchircs wiriu;; is indis]H'nsahlp. 
The irritation of ihc wire. howeviT. is a disndvaiitiif;e. and its use 
Rhould lie aviiidi'tl whenever pnssilile. If a wire nnist he used 
it shouhl not lie buried, the eud> In-in^ b'd I., ihe snrfaee and envel- 
oped ill iodoform jiinv/.''. Serews, e!am]i>. and siuiibir appliances 
should he resiirted lo under extraordinary lireunistanei'^i only. 

Fip. 2:W illustrates the case of a uian'nf tliiriy years who sus- 
tained a comjtound fraelure nf the !e;r. Wiriri'r of tlic- tihial frag- 
ment was undertaken, as is evident from ihi' skia^-raph. Although 
the same process was rc]tealed three times, the wire sutures always 
yielded, so that the fragments separated a'lain. This was caused 
hy the fact that the fihuia was ipn()red during the operative slejis. If 
the operation had not been undertaken until after first eonsulting 
the Eontgon ruys, it would have been found that the fibula was 
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fractured twice and Ihnt its fragments wore united iit [a\»ii poei- 
tiont:. To avoid tension in the suture line nf the tibin, tiie fibula 
hud to l)G exposed and iiduptcd. If the i>urgenn could have seen 
the ekiagrapluc result of liis ease he would surely have shortened 
the fibula in proportion. 

As the skiagraph, taken six months after the injury was sus- 
tained, indicated, the two wire sutures arc at the i>oint of separa- 
tion again. 

This case is reported to show how niuth uniiewssary trouble 
and (lisiippointnient to the patient as well as to Ihe surgeon can 
be aviiide<l by a simple glance willi the rays. 

When there is much loss of iMme tissue, implantation of a 
parallel bono may l»c roeommendcd, a tibular fragnicnl, for in- 
stance, being inserted into the nie<lullary canal of the tibia. After 
successful union, the formerly thin bone sonietimes reaches a con- 
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sidenilile size. Thus the author has observed development of the 
fibula to such an extent that the circumference of its middle por- 
tion became oven larger than that of the tibia. 

Similar conditioDS arc illustrated by Fig. 237, which shows 
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the ulna to bo shorter tlmn the radiui?, which was wired. No 
union took place, therefore. The i^ilver wire Mas buried in thie 
case — a procedure not to be advised. 

In deformities of the diaphyseal ends a wedge must sometimes 
be exsected, in order to secure perfect apposition. Especially in 
deformed union of the malleoli, causing abduction of the foot, this 
procedure must be resort- 
ed lo. Prominent bone 
(wrtions which offer an 
obstacle to perfect reposi- 
tion niiiat 1)0 removed by 
the cliii^el. Such frag- 
ments often cause pres- 
sure' u|>on an adjacent 
nerve, (he relief from 
which may cure neuritis 
or paralviiis. The pro- 
truding portion is chis- 
elled off after the perios- 
teum is carefully lifted 
from it. Then the com- 
presseil nerve must be 
fR'uly exposed and prop- 
erly replaced. The jieri- 
ostcum is united with 
thill Ciil^iit. Conclusions 
upon ihc anatomical con- 
ditii)ii of the compressed 
area can 1>e drawn by the fiiriiilic lest, which, hy provinj; the in- 
tegrity of the nerve Ik'Iow the injured portion, promises restoration. 
In the course of time, however, degcncriilivc processes may be es- 
pocfed. Still, even under sucli circuinsiances, resioration is ob- 
served after the relief of pn'ssure. 

Pressure may also lie caused by the formation of callus or 
fibrous adhesions. In ilie prcat majority of cases the radial nerve 
is compressed. Sometime*: the nerve is found emlwdded in a regu- 
lar osseous canal or tunnel, in which case Nature had admirably 
tried to create a special protection apainst compression. In a case 
of this kind surgical interference appears necessary only when 
the nerve is kinked at its entrance or exit. 
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Interposition of a nerve between the ends of the bone frag- 
ments is another cause of neuritis or paralysis. Its frequency 
seems to be entirely underestimated. The musculospiral (radial) 
nerve, especially, shows a great tendency to interposition, which 
finds its explanation in the spiral track in which it winds around 
the bone (compare Figs. 112, 143, and 238). Similar dispositions 
are shown by the peroneal nerve. 

If the contusion of the nerve is not severe, and the incarcera- 
tion insignificant at the time the fracture is sustained, symptoms 
of neuritis or paralysis may be postponed until further consolida- 
tion of the fragments includes the nerve in callous tissue. 

Nerve interposition may be suspected whenever tliere is intense 
pain or numbness in the range of its course. By pushing the lower 
fragments towards the upper in a vertical direction the symptoms 
are marked! v increased. 

In fractures of the lower half of the humerus or the upper 
end of the fibula the possibility of nerve interposition should never 
be lost sight of. 

The Rontgen rays give us no direct information. Still, if they 
show diastasis of the fragments within the area of the nerves men- 
tioned, interposition of some kind must be assumed. If, in longi- 
tudinal displacement, the diastasis does not disappear, no matter 
how tlie position of the fragments be changed, and if crepitus can- 
not be perceived during these manipulations, the assumption of 
interposition becomes a certainty. This interposition may be sim- 
ply muscular and no nerve may be inclosed ; but in the majority 
of cases nerves are drawn in with the muscular tissue. 

The skiagraph Fig. 238 illustrates a condition of this kind, 
which, however, was not recognised in its initial stage. The pa- 
tient, a man of fiftv vears, sustained a subcutaneous fracture of 
the humerus and a multiple compound fracture of the forearm by 
extreme violence. Amputation of the forearm had to be per- 
formed, while the fracture of the humerus was treated by splints. 
A few days after the accident intense pain around the amputation 
wound was complained of, which radiated upward alongside the 
arm. When the patient was seen for the first time the thin, irregu- 
lar, and fibrous cicatrix appeared to be immovable. Manipulations 
were painful. This suggested that there was pressure of the nerve 
ends requiring secondary amputation. The bone ends, after being 
trimmed, were covered with periosteum and a thick musculo- 
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cutanoous flap. Four wtvks tluTeaftcr thorc was perfoi't mobility, 
tlic pain around tlie stump liad lessened, but still persisted along- 
side the arm. From the diastasis U»twec*n the fragments of the 
humerus, as it is shown by the skiagraph, it was concluded that 
the source of tills pain was at the fraetured area, pressure being 
exenised upon tlie museulosj)iral nerve by interposition. This 
proved to k^ true when tlie author made an incision upon the 
fraetured area, in which he found a small bone splinter shifted 
between the two diaphyseal fragments and overbridged by en- 
sheatliing callus. The front view of the skiagraph showed this 
splinter only indict indly, hut a side view ])rove<l its existenct*. 
Fibres of the hicejis muse le as well as a portion of the musculo- 
s})iral nerve were pulled into this conglonu»rated area by the small 
s])linter. Tlie sj)linter, as well as the ensheathing callus, which 
formed a superficial hridge, was removed, the muscular fibres 
pushed hackwani, and the nerve dislodged laterally. The frag- 
ments, after heing trimmed, were united with silver wire. The 
pain decreased consi<lerahly, i>ut continued in a moderate degree 
for three months thereafter. 

Another result of the intervention of muscle, as well as of 
nerve tissue*, is the dev<*lopment of p>eii(lo-arthrosis. 

If the etforts at reposition of the fragments fail to free the 
interposed tissms, the injured an»a must Ik* extensively exposed. 
The conjpresse<l nerve is then lifted and dis])lactHl laterally from 
the fragUKMits, which are eventually put in a]>position by wiring. 
If the ner\e is hiciTaied, it must he })rojierly trimmed. If it is 
separati'd in its cont imiily, neurorrhaphy nni>t hi' umlertaken. In 
the latter event, whirh i> rare, the syrn]»tonis are. of course, well 
marked, the power of conduit ion within the extent of the nerve 
helow the fractured area heing suspended. 

In studying the a'tiology jind the niecliani>in of deformed frac- 
tures and their MMpiehe the ipic^tion is ohvioiis. U7/// not prevent 
Ihrm fil llir sifirl / Since we can, with more or less accuracv, esti- 
mate the result, why wait till the tissues degenerate and the de- 
formity hecome> estahli-^hed ? Before the advent of asepsis the 
hflfiscz (fllrr policy was defended through the fear of wound com- 
plications, and iK'fore the lii'mtgen era the uncertainty of a de- 
tailed diagnosis ofVenMl a more or less justifiable excuse. These 
times had i)assed even before the discoverv of the ravs. and later 
the genius of Kocher emphasized the need of treating irreducible 
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fractures bv curly oiionition, Ilelfericli, McBurney, Bull, Berger, 
ami RansohofT followed his teachings. But they did it spasmod- 
ii-ally. without followinfr fi logical and di^Timinate iiinnner, while 
i^kiagrnphy shows whctluT n displaced lioiie fragment can be rcdiictnl 
or not on the day it is fracture<1. If reduction under aniesthesia 
cannot be accomplished, reposition by open exposure must be 
attempted. If this is omitted, Ihe fragments may present an ob- 
stacle to important functions. In deformities caused by diaphy- 
seal fractures much interference is but seldom indieatnl. But in 







s]>i ral-t^hajMHl and multiple fractures situatcil in the immediate 
vi<'iiiity of joints, it is a necessity, if the function of the joint ia 
to 1k' preserved. 

The (pii-stion whether there should be an operation or not ia 
somctiincj! sellled only after several attempts at reposition, con- 
Imlled by llie skiagraph, have t>een made, as is illustrated by the 



,\ girl, twenty-three years of ago. fell downstairs. The family 
physician, who was <'alled immediately, found considerable de- 
formily, which he corrected to a great extent. There was an im- 
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prcwiion at fin-t (hat Iwii-kward dislocation hml taken place, but 
whon, after a week, llio swdlinp; siirrouiiditig the whole elbow did 
not sulisiilc, the imticnt was referred to the author for exaniina- 
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tion. Before resortinfr to skiagrapliy the author e:(amined the 
swollen area after the usual methods without heinp able to recog- 
nise any marked symptoms of fraeture, eseept at the outer aspect 
of (he external condyle. But the skiagraph revealed the presence 
of the fnicture of the head of the radius (Fifi. S.'t!)}. associated 
with considerable displacement, infraction of the external, and 
fracture of the inlfrnal epicondylo, the hitter injuries without 
displacement. Since the author could locate the diisplaced radial 
fragment so well by the rays, he assume<l that he could now also 
Bueceod in reducing it. But he was not able to palpate it. A 
fairly large numl)er of physieians tried the same, but none eould 
feel it. So the author marked the position of the fragment as 
his anatomical knowledge indicated it, and pressed inward. Now 
he applied a fenestrated plaster-of-Paria dressing, through which 
he took the skiagraph. This showed most impolitely that he had 
not only failed in his efforts at reposition, but had even made it 
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wonie {Fig. 240). But when he tried to reduce it in the extended 
position, he could press the fragment nearer to itK normal position. 
Then it was that he was encouraged to make a fourth attempt in 
the same position of the arm. and this time he succeeded fully, as 
skiagraph Fig. 'i-il shows. The result is a good one. Had the 
author not succeeded in reducing the fragment, he should have 
exposed it freely without any further delay, and have attempted 
to reduce it unless it showed so little cohesion that the scant 
blood supply might have cut off nutrition, in which case he would 
have preferred to remove it. 

ISkiagraph Fig. 241 was taken by means of a very powerful 
hard tube, which permitted of such thorough permeation of the 
plaster of Paris that wherever the layer of the dressing was Ihin 
complete translucenoy was obtained. 

Another instance of conservative advice was given by the Ront- 
gen rays in the case of a lady, aged thirty years, who was thrown 
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against a stony prominence in a runaway accident. An enormous 
hiematoma developed in the region of the elbow, considerable 
oedema at the same time extending from the middle of the humerUB 
to the tips of the fingers. This, of course, caused marked deform- 
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ity. There were (Tcpitun iim! (onijilclo Ws i>f powpr at the mme 
time. When tlie aiillmr snw the |iiitient in a eoiintry tfiwn, far 
fnmi wheTp a liJintgen aiipnratus could be secured, he sucveedeJ 



in iiiiikiii^' \h- .liaj:ii..:'is ..f 111.' pn-...n.e ..f fnicturc of the olo- 
cniriiiii l'..!l<.Mril hy cnn-iil.Tjililr fnrwunl <lis|iIni-oini'iit iif the ulnar 
rliii|iliysis. Till' ilcrisiiiTi cif ilic i|iii>-ii.iu «hi>llicr lliiTC were any 
iilhcr Ik.iic iiijiirifs Wii- l-'fl m Milisci]ii.-iit iiT;ii1iiiti.in. AHor sev- 
(Till unsl1.v^■s^fTll iitt-'iMjits liu.l l>iH'it tiiiKli' iitkI.-i- iinn'sllicsisi to ilifi- 
i-iiliiiii:lr llii- '[i;i|)liy-iMl trii;:irn'iit. wliicli, in ov('rl;ii>iiiii!r thf ra<li\ii>. 
\\i\-^ I'iiii^'hi ill ilic unisiiiliir tissue, llu' iiiillior wiii'cerih'd. and his 
imjiri'ssinM «iis. lliiii \<i-r[<-<\ M|i|in>\ini;iiinii l-'jivrcn tlic tliaiiliy^it-al 
friifiiiifiiU iiiiil (lie ..lc>,nui"ii jirniTss \v:i< ..l,i;iiii<-il. Tlio iirm hntl 
lit-cii kciU ill ri'rliiii};ul;ir |i'.>iii..ii f..r iiriirly tlircc .lays, nnil tlio 
iiiniicn-i' sivrlliri}: of t1ii> «1i<iI,. Hmli scchk-iI |n !«■ ,i i'Oiifra-indlrn- 
li.m r..r iin i-lTort to jiiii-lv iin cxtiTi^ion s|iliiit. Afl.-r a we»>k, 
wIk.ii i1i.- i-aticiit. w-lio linil siisl,iiii...I viirions injuries lu--i.lcs that 
.ifllir ,-]\uny. was iilile I., Iniul a skia-nijili wa-: faki'1. ivliich ro- 
v.^alcl tlic iK.niial .lircctir.n „f ili.- iliaiiliv-.Ml riayinnits. l.iit n 
.liasiasis hctttvn it nri.i lUc ..livraiion prncvss (I'i-- ■-''•.'V An 
c'lTori tt-as niadi- to >:|iift llif latter Inwards iln- dia|.liy>is. which, 
iifti-r !i |iid|iatiiry cxmninatinn. sivincil t" liave Ih'cii sui'i-i's-iful. A 
].last.'r-of-]'an"s drcssinj.' was ai)|»lic.l. tliiTt-furc. in llie m-lan,i.'iilar 
Ii'ir^ition. Intidialioii thningh the dresiiinfi; shnwcd that the anthor 
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bad erred, and that the same amount of diastadie existed as before. 
It seemed to him that tlie gap was filleil with musiular tissue, 
therefore he wus unable to palpate the hiatus between the bone 
fragments. This could happen no miuh more easily since there was 
wtill cons idem hie swelling. He removed the dressing again, repeat- 
injr tlio ('tTorts at rejiosition in the p.\tend«l position, a mampuvre 
whiili was easier than a wwk Ix'fore. Tliroiigh the new [tlas- 
ter-of-l'aris dressing, applied in the extended position, the irradia- 
tion was again tried, which proved the fragments to be in perfect 
a|j]iosilii>n. Another skiagraph (Fig. 24.'(), taken after the re- 
moval of tlie plaster, showed ideal union four weeks after the 
injury. It would be impossible, in fact, to infer from the study 
of this skiagraph lliai there ever liail ]nvn n fmilure, a point not 
to be underestimated from a medico-legal point of view. The 
inability of finding any evidence by palpation and tlic pcrfeel func- 
tion of the arm would lead to doubt as to the serious nature of 




i'lO. a43. -iDKiL UnrnX APTBR FRACTrSI Of THE OLFCBAHON, ThBM WEUS 
AFTER TiiE ImjFRt. (Compkrc Fig. ma.) 

the injury had not a skiagraph been taken at a time when the 
dia!!tasis furnishtnl such a distinct proof. 

There are more inetnictive points in this case. The suceeseful 
final reposition decided whether suturing of the olecranon should 



324 THE noXTdKy HAYS 

be resorted to or not. \Vc liave learned, furthermore, that the 
UoDtgen control shows dititiiiotly whether the dreeeing is better 
applied in the extended or in the rectangular position. The latter 
is the more comfortable, but if it does not permit reduction, while 
the less comfortable position does afford it, the point of comfort 
nhould not receive much attention, at least not for the short space 




of time duridfi H-hicli llio extended juisiiion wouhi bt^ indicated. 
If conptiitioii is perfect, tlie ]iosilion can. as a rule, he changed 
into the rectancular iiftcr two or three weeks. 

Skiagraph Kig. 314 may serve as a coiiniiT]Hirt nf tliis case. 
It represents an oblique fracture of the oleeninon by a fall upon 
the elbow. 

The patient, a girl of twenty-three years, was treated in the 
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extended position by a most competent physician. Six weeks after 
the injury there was still a moderate amount of swelling in the 
region of the olecranon. Palpation revealed the presence of a 
gap and mobility of the lower triangular fragment. Any effort 
at motion was accompanied with intense pain. The skiagraph 
showing but little diastasis, the author advised immobilization in 
tJie overextended position, expecting that a late union would take 
place. But, when ten weeks after the injury, union failed to occur, 
although the extreme extension seemed to have held the fragments 
in very close aj)position, the author exposed the fractured area 
by incision. The surfaces of both fragments were covered with 
fibrous tissue where they had been separated, which permitted of 
free motion. By excising the fibrous layers fresh bony surfaces 
were obtained, which the author brought into close approximation 
by silver wire. No reaction followed, and the result was perfect 
in four weeks. The method by which the holes were bored and the 
wire passed are shown by the skiagraph. 

In a man of twenty-two years an enormous degree of displace- 
ment in osteo-epiphy?eal separation of the head of the humerus 
was observed. The diaphyseal end was shifted alongside and in 
front of the head and forced between it and the skin. The pro- 
jecting fragment lifted the skin at the anterior aspect of the 
shoulder. The accident happened during wrestling six weeks be- 
fore a skiagraph was taken. Subcoracoid dislocation had been 
thought of first; later on, symptoms of compression of the bra- 
chial plexus (paralysis) had developed. Refracturing under an- 
aesthesia being impossible after so long a time, reposition by osteot- 
omy had to be resorted to. A longitudinal incision, beginning at 
the acromion, was made, which extended straight downward to the 
upper third of the arm. To this a transverse incision was added 
at the upper portion, which reached the inner margin of the 
diaphyseal fragment. After severing the periosteal adhesions with 
the bone knife, and the fragments which had united in juxtaposi- 
tion with the chisel, it was tried to approximate them. This was 
made possible only after the diaphyseal end was shortened. The 
head of the humerus presented a thin bone shell, which could not 
be sewed to the diaphysis in the usual manner. The author there- 
fore excavated the head with the bone spoon still further, trimming 
the diaphyseal end at the same time in such a manner that it fitted 
into the excavation. No wiring was done. The fragment could be 
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kept m situ by immobilizing the arm in tlie elevated position by 
means of a humerothoracie pi aster-of- Paris dressing. Although 
there was some swelling, combined with a slight elevation of tem- 
lierature, for the first few days, the wound healed by first inten- 
tion. The paralytie symptoms have greatly improved, still there 
is some loss of power. 

While, as referred to ijcfore, articular fraetnres often demand 
early operative interference, for the purpose of proper reposition, 
frartures of the diaphyses very seldom require such procedures. 




It may happen in the imiltipU> ty|ir llini h'.tie siilii.tors are so far 
sepnrated from tlu' fracliinirl un'a thai llicir ri'|«isili<>ii is im|V)s- 
sible. If they, as llie Honlircn <>\iimiTinti"ti will detennine. are 
liable tn offer an obstacle to the functioniil ability of the limb, they 
must l)e expo.sed. If there is sufRcient jicriostciil tnlierence war- 
ranting proper nutrition of the frugiiiciit. it may be replaced and 
fixed by wiring. If not. it had lietter lie removed. 

Kig. 24r) illustrates the si.iral-sbaped fracture of ibc Inimenis 
in a stout man, aged fortj'-si.x years, sustained by severe violence 
four days before the skiagraph was taken (patient presented to 
the New York State Medical Association. October. 1<)02). The 
slight shortening of the arm was explained by the justaposition of 
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the fragments, as is evident from the skiagraph. There was an 
enormous swelling, which, in connection with the panniculus adi- 
posus of the patient, rendered palpation so much more difficult. 
False motion, of course, crepitus also, being well marked, the 
diagnosis of the presence of a fracture of the upper third of the 
humerus could easily be made without the rays. But the presence 
of a large isolated bone splinter was not disclosed before skiagraphy 
was resorted to. From the study of the skiagraph it could be 
presumed that reposition of the fragment, embedded in an area 
of bloodv effusion and lacerated and inflamed tissues, could not 
be attained by simple manual apposition. It was easy to persuade 
the patient that the operation was a necessity by simply showing 
him the loose splinter on the skiagraph. On the sixth day after 
the injury the author exposed the fractured area by an incision 
alongside the outer margin of the biceps muscle. The site, as well 
as the length, of the incision was determined by measuring the dis- 
tances in the skiagraph and transferring their relations to the 
patient's arm. The large splinter proved to be entirely detached 
from the diaphyseal fragihents, and as there was no periosteal 
cohesion, it seemed to the author risky to leave it, although there 
was no obstacle to reducing and fixing it by wiring. The removal 
was certainly safer and would not interfere with tlie apposition of 
the fragments. After the portions of the biceps and triceps mus- 
cles, which had intervened, were disengaged from the diaphyseal 
fragments, they were brought in apposition. Xo wiring was done. 
A humerothoracic dressing of plaster-of- Paris, applied immediately 
after the operation, was left in situ for three weeks. Recovery was 
uninterrupted. 

As another skiagraph, taken four months after the opera- 
tion, showed, union was faultless, and the deficicncv caused bv the 
removal of the isolated fragment was filled up by callus. Functional 
ability was perfect. If the bone splinter had not been recognised 
at an early stage, and had consequently been left, it would have 
served ns an impediment between the biceps and triceps muscles, 
thereby arresting their contractibility. Thus we see that the ques- 
tion of shortening in fracture of the diaphysis of the humerus is of 
less importance than that of the special deformities which may 
disturb the functional ability of the extremity. 

On the contrary, in fractures of the femoral diaphysis, the ques- 
tion of the shortening is more important than that of the deform- 
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ity itsolf. Of eoursc, if tlioro is conHiderable i)rojection of the 
overlapping fragment, undue pressure upon tlie soft tisaues may 
produce symiitoiiiB fit the point of fracture wliich demand interfer- 
ence, llut, lis ii riile, it is the shortening which suggests opera- 
tive intorferenee, when 
the frHgnients, after U,"- 
ing f!li])|x><1 hy euch other, 
l>econie uniteil in juxta- 
position. If, in fracture 
i>f th<> fcnioriil diuphytiig, 
therefore, the fraguienta 
have only heen put in the 
linijMT direction, without 
rcfiaril to whether there is 
iilso a lateral deviation or 
undue proniinenee of one 
■ if tile fragments, the 
rnnetion of the leg is, as 
II rule, hut little dis- 
liirlH'd. This, in fact, ie 
the least wliieli can be 
rxjMctiil of a physician 
wlio attempts the treat- 
luciit (if I'mcluri-v. .Iii\iiii>(i>iiiini cnii. tlicrcrnre. never U' par- 
doned. And tliis i^ iiiMi-ly the "nly ci>iidiiL<.u which demands 
osteoloniy, and whjili i.inucit lie remedied hy any other procedure. 
In jii.\l;i]io.-itioii tlie ;illein|it ;il hlimdlis,-. refniHure appears to 
he a most iidveiitunms iiuderliikinjr. if one simiily looks at the 
skiagriiph of n c..n<iitii.ii of this kind. 1( is unwise to attempt 
it, hi'f-ansc the iirlifiiial fmdu re-line wc.iild not separate the frag- 
ments where ihey are altached lo eaili iithcr l>y sideward union, 
hut would mil tUnnitrh the I'rafrmciits in a transverw direction 
(I'ompjire Fij:. -.Mii). .\iid llieii e.\ten>-ion wonid n«\ ehmjiate the 
sliorteiied llii^U. Ihii ostccitiitnv ]>ennits nf se|i;iriition alongside 
the line nf false union, and e.Mensinn will hrin- the lower frag- 
ment down, jirovided inn niuili time has nut i'lii]ised :;ince the 
fracture was sustained. 

As to old dislocations, the respective chapters are referred to. 
.■\ftc-r a few weeks have elajiscd liloodless reduction is rarely pos- 
sible. In a ease of liaekward dislocation of the forearm, which 
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on account of the enormous Bwclling around the elbow was taken 
for a fracture, four monthg had elapsed after the injury. Reposi- 
tion after so long a period could not be expected, but a semilunar 
incision should be made, the convexity of which would be directed 
upward around the olecranon, exposing it as well as the radius 
and liberating them by excising the capsular fragments and the 
cicatricial tissue. Whatever tissue present an obstacle must either 
be divided or removed. There is no need for resecting any bone 
portions. 

Kig. :;4(i illustrates the femur of a boy of nine years, taken 
three months after it was fractured. The union in juxtaposition 
explains why there was shortening to the extent of nearly three 
inches. After the fragments had l)ecn separnteil by the chisel, 
forcible cxtenHion 8ucceede<i in resloring the limb to its full length. 




Anqulir Dbpobmiti 



Tile endi^ were trimmed and adjusted by a thick piece of silver wire. 
Recovery was uneventful, and the result perfect. 

It is needless to say that such operations arc an absolute 
necessity, not so much because of the undue pressure at the area of 
faulty union, as on acc'ount of the shortening, because such may 
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llie fliuiires i>f iL f^iuri's-iful cjirccr for the unfortunate 



rt(¥tri 
patient. 

Of wiirsc, sin-li (U'foniiitii'r! f^lionld n<it weur at all. It is the 
diilv of llu' ^llr;:^'nn wlm is calli'il tt> i-nrri'i-l llu-m to tinswcr tlie 



tlw |ir'>)MT ]insiliiiii ii( i.iiii'. In- ilrfi'inlin;; hi. lirutluT, l«rniisi' we 
<ill iiri- liiiM,- t.. riT. Siill it wniiM !>.■ "n rnn^^iinuiiidioii -l.-voutly 
to W- \v\>]\vi\ " tliiil iri|i|il-.l r..ii.lili.m. „r iliis kimi >li..iil<l !«■ due 
oxdii^ivi'lv t" tlif iliMil)|.iliiiiicc nf ilir ]i;i1i('n1< til till' surfTcon's 
(lim'tioiis, 

Fi-s. :i:\ iiiul ■■■>:■ illii.lnit- .-imihir rii-r^. {]w ,-,.rm-ti"n of 
Wlri.h f.M-tumit..|v rniil.l l,r .1 ■ l.v .iiiii.li- ..-h-.khws Fip. 

tiiirioi! ail inrratrDiluiiitcriv friU'liin>. Tlio oxti'iisivi' anfiulai dc- 
fonnity wu^ not n.'dinwi. TiiiDn did not taki- ]>larc In'Ciiui^o the 
outer marpirs of llie frafrnioiils did nut touch each other, so that 
a gap was the eonsei]ueuee. Nature tried to eorroet this eondition 
by throwing out a hirge amouni of callus at the iidjoininp margins 
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of the inner anpett, but this did not suffice. Oxti-oklasis resulted 
in porfett rwoverv. 

While in articular fractures reposition is often a very diJficuIt 
procedure and failure a most excusable ocuurrent* in non-compli- 
cated fractures of the diaphysee, reduction, if attempted with a 
minimum dose of common sense, must always be succeessful. 

Fifjs. 248, 24!), 2">0, and iJ.JI. for instance, represent very severe 
fraeture-tyiH's in u man of thirty years who had fallen from a con- 
siderable lH'i{iht. Fracture of the u]i]iercnd of llip ulna associated 
with sideward dislocation of the radius of the right arm. and frac- 
ture of the lower end of the radius associated witii upward dislo- 
calion of llie lower fragment, were sustained (Fig. 24«). No effort 
at reduction was made fiir four weeks. The author tried to reduce 
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the disjihu-ed frafrmenl after havin<; it e.\iios<'rl. but this being 
impossible it was esseeted (Fig, 249). The result was pood. 

Reposition of the displaci'ment of the elbow (Fig. 2511) would 
certainly have bet^n successful if attempted shortly after the in- 
jury, while that of the radial end would probably have been 
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iniposwibli'. But iiri effort should at least have l)een made. If 
unBUccessful, it whoiild linve been recUioe*! by open intipjon or 
removed. 

When it wae <ione five weeks after the injury ligamentous rem- 
nants' had to be expeeted in order to permit of downward pressure 
of the prominent diaphysisi. At first it was tried to reduce the dip' 
placement in n bloodlesw manner. But while it was popeible to lac-er 
ate the adhesions, so that the arm could l>e brought into the nn- 
lan^ular position (Fig. 251). the frajiments could not be approx- 
imated. The elbow was exposed then five days after the osteotom; 




of the wrist, .\fter the fibrous adhesions were dissected the dis- 
phu-ed ulnar diaphysis could be approximated to the fragment, 
which consisti-d mainly of the olecranon. The radius followed its 
fellow then without nnich diflnculty. The ulnar fragments were 
kept together by a silver-wire suture (Fig. 252). The result was 
nearly perfect. The anthor is convinced that if the Rfintgen 
method had bei-n nse<l early in this case the skiagraph would 
have appealed strongly to the medical conscience. 

Fig. 2."»3 illustrates the modus operainU in the osteoplastic 
operation of Pirogoff, The patient, a girl of six years, whose 
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1)0 mil 
fimt M 
pcrcw ! 
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pli was tnkcti tiircL' wct'ks after the oi>eratioii. RustaiDed a 
111(1 frai-turn of 1lii< font, » lipiivy iron bar having fallen on 
poctaiit treatment was resorted to for two weeks until the 
iiiMu- lilack. Tlicie wan a small area of vital tiBPiie at the 
liih ill r'oiiTii-cliiiii with a frajmiciit of tin- uili'am'Uiii coiihl 
izi-il for llie l'irof,'otr im-tlioil. Thiii' the shortening of the 
as ]>riiriii'Hl!v ovcrcimie. The author favours inserting n 
11 uriliT tn si'iuro aiiiiroxiiiintion, espeeially under snch cir- 



^ kiiiil a skia 



ra|ih sliiudd l)e taken at 
llie injury. lti>ne-!<))lin- 




lers uiny l,(^ iv.hiir.l if in .otiiih lim, will, ll,,. ]>..ri<>steuin. or 
rcnimci] if lli.iv i- lu. iiinrc lin|>e fur ii^'^iliiliiiaiinn. In tlie case 
(lrMril«..l a [iiirlial ri'sr<ti..ri, |i(Tf..riiK-.l in liiii,>. ami under the 
puiiliin.r ..f tlic K.inl-cn rays, nii-lit liav.' -iav.'.l Die foot. 

FifT. -iTii ^Iii.ws tlie elTi'd of a coniiioiind frnctiin' nf the lower 
en.) .if til,- iiliiii. wliirli «as [.nMliice.! hv nM,liine for<-<- in an 
entrine<-r of lliirly-lhn..- years, Twi> ulnar >|.linl.Ts were sliifte.l 
over the .interior siirfa.-i' of the radius, whi.li caused a promi- 
neiHT there. I)n ]ml]>ati»ri this ]>r()iniiieui-e lefi the impression 
of till- presein-e of ealliis-forrnation us il is ohserved afler liadlv 
united fraetiires of the lower end of the nidins. this fuet being 
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rcpponsibic fur the ]>o;si in it-tic ailvico given bv the varioua sur- 
geons wiio tlioufrhl tlic "callus" to be iiiiiiile proof for their 
diugnoBis: fracture of the lower end of ra<lius aesoeiateil with 
coiii]ioimd fracture of the ulna — no skiagrapliic corroboration 
king sought. The function of the band was totn!l.v destroyed i»y 
the defect in llie ulna, and furthermore by the intervention of the 
two splinters 



icrvcil as foR'i- 



bod- 



ies iM'lwcen Ihe radius 
mill the extensors. The 
pkiagrapli suggested to 
the author tliat he 



vil 



should utiliz 
Tor the eoiiijH'usalioi 
of the other, viz., dis 
placing the splinter 
and implanting then 
into the defect. 



first elusi-lling "IT the 
smaller of the two frag- 
ments. When an at- 
t('tn]it was made to dis- 
]dace it toward the ul- 



]>criosteal bridgi 



nnp.-i 



ed to 



varraiit 




'lo. aa— FBAnvKirr or Cm-tw 

TO TBK TiBl* BY A SCRKW AFI 



essful agglutina- 
tion. It was removed 
therefore. The largi-r 
hom'-frafnnent could lie 
disjilaHHl in such a 
manner that a large 

p<Tio,-teal liaj) remained in cohesion with the radius. .\t th 
time the ri'nmant i)f the ulnar end, mainly consisting of iti 
was moliilized from its synostosis with Ihe inner surface 
radial end and turn<'d in the longitudinal diriflion. Tliere 
reailion, and eiglit weeks after the operation skiagraphic ei 



e same 
i head. 
of the 
was no 
■i deuce 
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slu.wft! iliiil Ihc s].liiitiT hud (■«talili:^hp(l itsulf fiillv in llic defect. 
It liail Uhji\ i'uMcin-d tlii'rc liy a few jieri osteal sutures consisting <>r 



i-'iu. :.'r>4,— C'iiMi-ui'M> FiLiii-Ti-HK or Vln*. 

).L!t :n til.' siiii<> lime it WHS lu-l<l i>i s!tn liv a niblter 
irr--iil into liir iii(iTi»>Sf<>ti-i sjiai-c unci ln'Ul by two 
>r iiillL.':^i\,- i>liL>lrr, iil'tri' ilif i.riiii'ipU' tif Uie a«- 
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thor's metacarpal dressing, illustrated by Fig. 167. In harmony 
with the perfect restoration of the anatomical condition, the func- 
tional res-ult was perfect. 

The detailed description of this case, which must be regarded 



F:n. 856,— TiBi* Fracthhed b 



a surgical triinnph of skiagraphy, and the lltustrattons, will be 
found in the Fortsehritte der Riintgenstrahlen — Hamburg. 

Fig. 255 illustrates a multiple intra-articular fracture of the 
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lower radial cntJ in a man of fifty years. T'nder the guidance of 
the rays the author succeeded in reducing the fragmenta, which 
were upwardly and sidewardly displaced, so that the normal wrist 

nction was nearly re-stored. 

As to file principles of correcting deformities at the lower end 
of tlic radius, sec pa^ 2^1. 

Tlic fiillacy of the theory that the thinness and the great force 
of the modern bullet would eauj-e a clean eanal-like foramen was 
proved by the author in March, 18!)6. when the commander at 
Governor's Island was courteous enough to permit the following 
experiment : A fn-sbly anipntnted leg was fired at from a distance 
of 5(1 yjinis with the Kriin-.Tiirnenpen rifle. This showed the most 
destructive effect upon the tibia, as is evident from the Hkiagraph 
Xo. 2,'>li, tiiken ininiediatcly afterward. It is the lateral trans- 
mission of Iho energy of Ibe new projectile which is so destructive, 
at a distaui-e uji to rf.'tO metn's, at least. An is generally known. 
the sIkc of the army bullet was reduced from 0.7 to 0.3 inch, and its 
rapidity increased from 400 to 600 inches per second, its pene- 
trating force bciTig about six times more. (See the Rontgen Rare 
in Surgery. Iiifeniational Medical Magazine, .Tune, 1897.) 



CHAPTER XVII 
THE MEDICOLEGAL ASPECTS OF THE RONTOEN RAYS 

Even the most skilful experts in fractures have ceased to deny 
that there is an enormous number of bone injuries, which, in for- 
mer years, could not be properly recognised, the general symptoms 
being either obscure or veiled by the swelling of the surrounding 
tissues. The mistakes made in differentiating fractures from dis- 
locations, contusions, distortions, or tumefactions were innumer- 
able; but they could be proved as such only under extraordinary 
circumstances. The Rontgen rays have brought about a revolu- 
tion. They show the conditions as they are, and are impolite 
enough to do this without the slightest regard for great authori- 
ties. No wonder that such brusque information was received with 
a feeling of uneasiness, often by the very men who should have 
been but too glad to learn of their diagnostic errors in order to 
correct them. As is known, the errors made in the interpretation 
of skiagraphs, of which so much was then heard, supplied a favour- 
ite argument in defence of their procrastination. 

We have learned now that our misinterpretations were caused 
by insufficient anatomical knowledge, as well as by technical short- 
comings with which the rays had nothing to do. Officious friends, 
inconsiderate and malicious confreres, and shyster lawyers heralded 
and misapplied the great discovery and succeeded for a while in 
discrediting it even among those members of the medical profes- 
sion who had begun to appreciate its great value. But these times 
have passed. The Riintgen rays no longer need a gladiator in the 
medical arena, but their recognition in the courts leaves much to 
be desired. 

Since it is accepted by the medical profession that a plate, 
which is accurately made by a physician specially trained in skiag- 
raphy, and interpreted by an expert, gives most valuable informa- 
tion which cannot be obtained otherwise, the court should regard 
it its duty to acknowledge this fact, and avail itself of it in the 

890 
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interest of justice. K;s[)ecially the judge of the modern era of 
huiiinuity in contract to tlie obsolete representative of the old 
dogma "Fiat justitta. prrent munilusf" must see a valuable ally 
in this most wonderful discovery of the last centurj-. 

What ji triumph for suffering mankind are the numerous cases 
in wbioli vetcriin soliliiTs. cimtciuptuously treated as maiingererB 
before the courts, can now show Ihfir slcinpraphir proof of the 
presence of foreign hodii's, A patient whoso body harbours a bul- 
let, has, indci'il, ii very good reason to complain. The number of 
patients who ^ubllliltcd to uunccessary surgical operations because 
foreign bodies were suspected, hut not found, and the still larger 
numtxT of tliosc who were not advised to submit to operations, 
although llicy were needed on a<-count of the non-suspected pres- 
ence of foreign bodies, is h'gion. 

Long before tlic Ilonlgen-ray era, when the author was a young 
nssisliiiil.il woniiin was rel'crrcd to liirn foraii oliscurc swelling along 
the first plmliinx of the left index-fiiigcr. The anamnesis revealed 
that the swelling bad i'onie on slowly after she had wounded herself 
with a nci-dlc. She reported thai ihe nei'dle bad broken, but that 
the fragment was pulled oul by herself. There was but little pain, 
but much fiinclioiirtl disturbance. The impression prevailed that 
there was an inllaninialory process caused by an infected needle. 
Irfiter, when fomentations and inimohlli/alion were of no avail, 
rheumatism, osteitis, and then tnl)erculosis was suspected, and, 
besides the applicatiiui of liiu'lure of iodine, internal medicines 
were ndniinii-lcrcd. N<. inijirovcnienls being obtained, all the text- 
books avitilalilc tor inroiniiiiinn were stmlied, hut s(-ientific thirst 
was n<.l <picn<bcil. The old n.nliiieil .■bi.'f whose advice was then 
sought suggested that an exploratory incision should be made. 
How great was the surprise when a sniiill niH-dlc-fragment buried 
alongside tbi! plialiinx was found ! The author has never forgotten 
the feeling of bumiliiition which overi>anie him then in the pres- 
ence of ibe paliciit. Hut be believes he ilid not slaiid alone in this 
experience. Solnmcti nnVrris. norion hnhui.in'f mulnnim .' To-day a 
simple glance with the fluoroscope would press the extraction for- 
ceps into the hands of the surgeon. 

Years ago the author demonstrated a man l>efore the Surgical 
Section of the New York Academy of Medicine who carried a thick 
glass splinter underneath his zygoma for thirty-eight years, expe- 
riencing but little pain, until, shortly before Riintgen'e discovery, a 
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swelling below his eye led him to seek medical care. The swelling 
was regarded as a malignant growth. He lived in a country town, 
and was advised to go to New York and have his superior maxilla 
resected. On making an incision the author found the glass splin- 
ter, and when the patient saw it, he remembered that when a boy 
he was woundtnl in his face by the explosion of a glass bottle con- 
taining gunpowder. The facial wound had healed without reac- 
tion. In this case also the Kontgen rays would have made the 
nature of the growth dear at once. 

An odd pendant to the needle case is illustrated by the skia- 
graph of the foot of a dwarf (Fig. 257) made two years ago. 
For about two years the hero of the tragic comedy had been a 
round-trip patient in most of the r€»puted clinics of New York 
city. lie showed a slight swelling at the outer aspect of his foot, 
which was diagnosticated as periostitis, osteitis, osteoma, osteo- 
sarcoma, l)eginning tui)erculosis. rheumatism, arthritis, syphilitic 
proliferation or exostosis, badly united fracture, etc. T-*ater on 
amputation, as well as exploratory incision, was advised. After 
having suffered for more than two years, he was ready now to 
submit to anything which would relieve him from the pain he suf- 
fered while walking. The author was unable to make a diagnosis 
Mith the usual methods, but the Rontgen rays cleared up the situ- 
ation at once, showing a ntH'dle in the sole of his foot. When the 
patient was informed of this fact, he rememi)ered that alnnit two 
years ago, while sleeping on a lounge, he fell on the carpeted floor 
and noticed a sharp pain in his foot, which he explained by the 
fall itself. Me had undoubtedly fallen on a needle sticking out of 
the floor, and by walking he had shifted it up into the joint, from 
which it was removed under considerable technical dilliculties. It 
is needless to say that his " rheumatism '' disappeared at once. 

Much more serious, from the standpoint of humanity, is the 
following case, reported by Dr. L. Passower, Riga (Aerztliche 
Sachverstaendigen Zeitung. No. J 5. 1901). In Novemlx^r, 1897, 
a young farmer, suffering from a swelling of his foot, was ad- 
mitted to the surgical division of the army hospital of Riga (Rus- 
sia) for observation. Being a recruit he was expected to serve 
his military term. But a year lx?fore a mass weighing 35 pounds 
had fallen on his leg, causing an injury which compelled him to 
stay in bed for three months. It was reported that during that 
time the foot had appeared much swollen and ecchymotic. When 
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admiltod to the sorvite of Dr. Paasower at the military hospital he 
was limping und (.-oiiLpIained uf a continuous pain in hie foot. 

ITe vas nsfii^nod a bed nmon;; old snldiorg. who were requested 
to watch him closely, 11? he was suspected to be a malingerer. 
Three davii after tiilinissioii Dr. IVsower received an anonymous 



Inter. ^i;.'iii'il h\ "' ti frii'tid uf ilie recruit." wliich contained the 
inrnrniiiiioti thai Ihf |>ali.'iit liinl jinuhicrl tli.' f^wcllin^' himself, 
i-nnslrictiiif: his lhif.'li and inji'itinfi medicamentnuB subatances 
iiiidcrncath liis slcin. Dr. Tassuwcr slated that he did not pjiv 
much atieiiHon l<i this comitiunication. Iiiil dei'mcd ll his dutv to 
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order a still closer watch by adding a subaltern medical officer 
(Feldscheer) and a professional nurse to his outpost. Besides 
this, he as well as his assistants, visited the poor victim repeatedly 
and unexpectedly during night time, but were never able to dis- 
cover anything wrong. After two weeks the oedema had subsided, 
but the tarsus still remained thickened, motion of the ankle-joint 
also remaining painful. Especially pressure on the scaphoid bone 
produced intense pain. As soon as the bandages were removed 
the oedema returned. So Dr. Passower came to the conclusion 
that the patient suffered from a chronic inflammatory process of 
his tarsal bones, produced by an injury. The possibility of a frac- 
ture of one of the bones was also dulv considered. 

After four weeks' observation he was presented to the medical 
board of the hospital, which suggested that ho should \yv exempt 
from military service for a year. It was expected that the swelling 
would gradually disappear if the patient could enjoy rest at home 
and regular treatment. But the military commission at Riga did 
not accept this suggestion, because one of its physicians insisted 
upon the theory of the artificial origin of the swelling. So the 
unfortunate candidate was sent to the city hospital of Riga, where, 
after a second examination, he was accused of having injured 
himself by constriction and puncture in order to get rid of his mili- 
tary obligations. So he was delivered to the public prosecutor, 
but set free after a long trial, and especially through the ofForts 
of Dr. Passower. 

A few weeks later he was again arrested and sentenced to three 
months' solitary imprisonment for self-mutilation. Now Dr. 
Passower recommended transferring the criminal to the clinic of 
Prof. W. W. Koch in Dorpat, in order to obtain a skiagraph. This 
was at last permitted, and so Professor Koch had a chance to 
ascertain that there was a fracture of the astragalus, which had 
caused sinking of the sustentaculum of the astragalus. The pa- 
tient appealed to a higher court, which dismissed the previous sen- 
tence. At the end of February, 1900, the Government referred 
him back to the military hospital in Riga, where he was skia- 
graphed. (It seems that a Rontgen apparatus was not obtained 
in this university town until then.) The evidence in favour of the 
" criminal " was too overwhelming, and so he was declared unfit 
for military service. 

Thus an honourable man was virtually imprisoned during a 
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period of tlirce years. If a l^kiag^Il[)tl liad been taken at the time 
of his admission to Ihc military hospital (fully two years after 
the [uiblication of Riintgen's discovery), tlic whole procedure of 
ignorance ami malioioiis arrogance would not have been set in 
motion, iiml llic i>syfliical torture of another poor individual would 
liHve been rendered impossible. In the face of the skiagraphie 
illustration of \h^^ fnietnre of ihc most inniortant bone of the foot- 
skeleton, no jiLilfje and no jury would have dared to dispute the 
claim;- of tlie ]'iitient. 

Tile counterpart rs represented hy a case reported several yeara 
ago (Medical Reeiird, Aiijrust K, liiOl) which showed how impor- 
tant for ]>ri)pfr inlcrp relation the knowledge of anatomical details 
is. It has Occurred to the author as wvll as to otiiers that the nor- 
mal OS intermecliuui cruris (ns trifroiiuui tarsi) was, after a Single 
e,\poMirc, taken lor a rrafrincut severed Trorii the astragalus. In 
the iiuthor's caK' a Craclure of the (iliuhi was pret^ent, but the first 
skiagraph suggested (he jin'setice of a tibial fragment als*. But 
this was cleau'd up hy a suliscfjiiciit c.vposure in a different projec- 
tion-|iliiuc. ii> incut ioTii'd prevituisly. As uicnlioned in the section 
oil llic foot [page I'l'), Ibc os intcrincilium eniris is a tyitical 
part nniic lar-us olall iiuiinimils ( Kig. 119). 

Tiic practical siguilicaiue of Ibis bone is evident from a case 
descrilK'd by Wilnians, iif llamhurg. A lalKiurer claimed that he 
was injured by an iron bar on -luiuiary 211, IP'ir, hut was able to 
work during liie wbol,. day. (In the folh.wing day he called on Dr. 
Wilitiaiis, coiiiiilaiiiiug of iu(ense jiaiii al liis internal malleolus. 
He limjied and asMTted Ids iuiibilitv to work. Wilnians found a 
f=ligb( Mveliing Ix'lnw llic right iulcr'iud uuillcolus. Kcdiyuiosis of 
the skin iM'ing ab^ciil. the swelling hms alliiliuied to the pn'senee 
of a considerable degree of talipes, from wliieli Ihc labourer suf- 
fered at the same lime. The leg was ele\iited and fomontatioDB 
were applied for several days. The patient still complaining of 
great pain, it was decided In transfer him to a hosjiital for obser- 
vation. Wben discharged. afbT several weeks of treatment, the' 
labourer made an effort to resume work, hut at once declared that 
he was unable to keep it up. lie was therefore adiiiilte<l to an- 
other hospital, where he repeated this nuino'iivre several times 
during a periml of sis numths. Finally, he claimed damages for 
having been crippled by the injury sustained on .lanuary 2(i, 1837 ; 
but in view of the negative abjeefivc condition found by Dr. WU- 
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mans, the society decided not to grant any claim. The conse- 
quence was that the man was transferred to the surgical division 
of a third hospital for further observation. There he complained 
that he had continuous pains below the right external malleolus, 
even while in the recuml)ent position. The pain increased during 
walking or sitting. Stepping on the right heel he also declared 
to be impossible. By distracting his attention, however, it was no- 
ticed that he could stand well (m his Jioel, and he would doubt- 
less have Ikhmi declared a malingerer liad not the X-rays come to 
his rescue — at least temporarily. A skiagraj)h showed a bone- 
fragment at the junction of the astragalus with the posterior sur- 
face of the calcaneum. On the strcngtli of this skiagraphic 
*' proof ■' Dr. Wilnians, although still mistrusting, was forced to 
modify his original opinion and certified that the patient suffered 
from " fracture of the astragalus, in consecpience of which he was 
damaged for life.'* The labourer therefore received an annuity of 
30 per cent, in ])r()])orti()n to the estimated curtailing of his 
wages. Soon afterward ihe lal)ourer was seen by Dr. Wilnians car- 
rying a heavy load without any apj>arent jmin. while formerly he 
had claimed to 1k» unable to walk without a cane or crutch. Now 
Dr. Wilmans insisted upon a second irradiation, this time also skia- 
gra]>hing the uninjured left foot. The skiagraj)h showed the *' sev- 
ered boiu»-fragment," which had first Ikhmi regarded as a sesamoid 
of the musculus fiexor h>ngus halhicius. Init which now was n»cog- 
nistnl as a nornuil os intermedium cruris. The societv, of course, 
refus<'d the annuity, and the (icrnian supreme assurant-e <"Ourt, to 
which the man had ap]H\'de(l, not only sustained the verdict of the 
society, lait also decided that the labourer must return the annuity 
which he had unjustifiably enjoyed for eighteen m<mths. 

In this case the Kontgen rays were very near JK'coming — the 
contrary of what th<'y are ex|HHtcd to U* — a ])rot(»ctor of dishon- 
estv. But the fault would have lain with the insufficient anatom- 
ical knowledge and not with the rays themselves, which repro- 
duced the conditicm exactly as it was. The rejH^tition of such 
cases, however, is highly improbable. 

A complicate<l medico-legal questicm will arise when chronic 
diseas€»s develop after an injury. Osteitis, arthritis deformans, 
and even malignant growths are not infrequently observed in this 
connection. If such injuries are sustained in factories, a suit 
for negligence is generally brought against the owner. The 
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amount of damages, of cour^, depends largely upon the durstion 
of the liealing prooefis and the degree of functional disturbance. 
This will vary greatly, as from a case of simple fracture, which 
may be aicurately united in a few weeks, to an injury followed by 
the development of a malignant growth, which will finally cause 
the death of the patient. 

Fig, <J()3, for instance, illustrates the case of a labourer fifty 
years old, who sustained an injury of his elbow eleven years ago 
(compare jvigc 20!i). He reported that recovery took place after 
months, and tliiit the elbow had remained stiff ever since. During 
the last few years inflanmiatory signs had manifested themselves, 
which WLTu regarded us rheumatic, Xo other joints were involved. 
Since then be also had repealed attacks of pain in the elbow-joint. 

When first examining tlie patient it was found that the 
elbow was very much thickened and fixed in a sharp angle. Pres- 
sure below the e.\tcrnal condyle caused intense pain. Crepitus, so 
often found in old arthritic processes, could not he produced in 
this inslanee, as the joint permitted no motion at all. There were 
no indications of tulwrculosis, syphilis, or gonorrhtea. 

The skiagraph revealed the presence of malunion (sideways 
displacement) of the coronoid process of the ulna. This probably 
had given the (irst impetus for the development of the arthritis 
deformans, which is es|)ecially well marked in the external con- 
dyle of the humerus. The left condyle showed synostosis with the 
olecranon. Itemoval of the projecting fragment by the chisel, 
separation of adhcs^ions, and the partial resection of llie external 
condyle, the scat of predilection for the acute attacks, were advised 
as therapeutic means. 

It was promised tlie labourer, wbo sustained his fracture in 
8 factory, and who did not show any signs of ill health before, that 
he could u.-;e his iirm iigain a few weeks afler the accident. After 
ten weeks he was able to resnnu' light work ; then the swelling be- 
came gradually worse, und ihc diagnosis of arthritis was made, 
lie has remained a cripple ever since, and his wages were cut down 
considerably. He might have claimed damages, but in view of the 
presence of arthritis he realized the difRculty to prove that there 
was a fracture originally. The Rontgen rays would have furnished 
this proof for him. 

The development of malignant growths after an injury is illiu- 
tratcd by skiagraphs Xo. 220 and 221. which show the faint out- 
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lines of bone-shell in the soft myelosarcoma of a woman of twenty- 
eight years, who had fallen on her hand in dorsal flexion (compare 
page 287) . The swelling resulting from it gave the impression that 
a fracture of the carpal end of the radius was sustained. Three 
months after the injury, when the author first saw the patient, he 
noticed a small deformity, just as it is observed in badly united 
fracture of the carpal end of the radius ; but the consistency of the 
epiphyseal end was soft. The skiagraph failed to show the evidence 
of bone tissue, only one small renmant Ixnng left at the outer aspect 
of the radius. Resection was advised ; but before the patient sub- 
mitted to it another month elapsed, during which time the neo- 
plasm had grown to twice its size. The result was reported fair 
eighteen months after the operation. But the chances for a per- 
manent recovcTv are poor. (See The Differentiation between In- 
flammatory Processes and Neoplasms. Annals of Surgery, Decem- 
ber, 1901.) 

It is not always possible to show the evidence of a fracture as 
long as twelve years after its occurrence, as in the case of the 
labourer described, in which the displacement proved that there 
was fracture of the coronoid process of the ulna. The older the 
fracture, the less the fracture-line will appear. In case of the 
entire absence cf displacement it is only a very distinct skiagraph 
that shows the line dearlv. It is natural that in such cases there 
is no skiagraphic evidence after recovery — that is, from four to 
ten weeks, according to the type of the fracture. Should a jury 
in such an event doubt that there was a fracture, a skiagraph 
taken after such a period will show a negative result, although there 
surt»lv was a fracture. At one of his demonstrations the author 
showed a bov whose fracture of the femur could not Ik» shown 
by a very distinct skiagraph taken two months after the injury, 
IxK'ause there was a faultless union. Had the thigh not Ixrn skia- 
graphed shortly after the injury, no evidence of the fracture could 
have been obtained subsequently. 

P^ig. 147 illustrates the case of the girl who sustained a fissure 
of the head of the radius followed bv considerable functional dis- 
turbance. Another perfect skiagraph, taken four weeks after the 
accident, showed ideal union, so that no fissure-line could be rec- 
ognised. This also shows how quickly the evidence of the pres- 
ence of a fissure-line becomes lost if there be perfect approximation 
(compare page 206). 
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This cxpcriciHT suggests that a iiifdiocrc or even JDilistim-t 
plate should never be admitted into court. It ha;: repeatedly 
occurred to the author that he was not able to diseovor a fidoure 
or fracture in a niedincre skiajiraph. which appeared well marked 
in i\ faiilllcss unc. Kiu-li fncts o\j)lnin very well why «oino sur- 
fteons hiive ilispuled the rclinliility of other fell nw-obscr vers. Dr. 
A. for instance. insi«tini:, and properly, upon his own diagnosis, 
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while I>r. K with his pimr skiii-iniiih. lidiculi^- Dr. .\'s imagina- 
tion, and Miccriii^rly nss,.rt> lliiil lie cnul.i (iii.l Tin lissiirv-line. Of 
course. Dr. B's n|iini(iii is lh.)r..ughly iionc;-!. hiil alwolutely 
erroneous, itcvcrlhelcss. H shoul.l also W- iori>idcrecl thiit durinR 
Ihc fii-sl days of the injury the piv^cmc of ii (issnre is more easily 
overlooked tluin later, when ciilliis-fonuiili..ii lie^ins. 

But that even in a fairly good skijigriijih a fnirlurc, followe<l 
by no displiicenienl, can lie overlooked, is ilhislrated by Fig. 
258; which illustrates the case of a brieklayer who sustained & 
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fracture of Iho middle of the radius tliree weeks ago, a heavy brick 
having fallen on his outstretched arm. He had great pain at the 
seat of the fracture, his hand was slightly swollen, and there was 
disturbance of function. Crepitus could not l)e elicited. A fluoro- 
scopic examination made by the author as well as by a numi)er of 
physicians revealed nothing abnormal. A fairly good skiagraph 
made at the time proved negative. Another one. taken in the 
opposite direction, srave the same result. But the suspicion that 
a fracturt* was present was so strong that a third exposure was 
made, this time long enough to bring out the l)one-texture, the re- 
sult of which was the faint representation of an oblique fracture- 
line at the ])oint of t(*nd(*rness. A fourth skiagraph, taken from 
the extensor side, revealed the fracture-line still more distinctlv. 

When in thiswise the author was at first unable to represent 
the fracture, som(» of the physicians present suggested that this 
was a proof of the integrity of the bones, and that the soft tissues, 
perhaps a nerv(», were injured. But, as a rule, injuries of this 
kind are only found in nerves, when there is a synchronous injury 
of the trauma of the soft tissues. In a ca^e of this kind a differ- 
ence of o])inion between ex|H'rts may ha])pen in (ourt, and the 
patient may l)ccome the victim of an imperfect technicpie. 

A counterpart to this case is the one of a boy who wais under 
the author's treatment after extir])ation of his cervical glands, 
and who sustained a contusion of the forearm, while the author 
ha])]>c!UMl to !)(» absent from the city. So he was referred to a 
brother physician, who was supi)osed to be an expert in Riintgen 
scieiue. Relying entirely upon the fluoroscopic screen, he claimed 
to have seen the fracture-line and declared a photograph to l>e un- 
necessary. A plaster-of- Paris dressing, extending over wrist and 
elbow, was applied in consequence. A few <lays later, when the 
patient was referred back to the author, he made a fluoroscopic 
examination of the arm, and as he could see no fracture-line he 
took a skiagraph through the plaster-of- Paris dressing. No evi- 
dence of fracture lx»ing found, the plaster-of-Paris dn^ssing was 
removed, although the bones presented themselves distinctly. This 
third skiagraph proved that there was al)solutely no fracture, a 
fact which was corroborated by the perfect function of the arm. 

Th(»se two cases afford further support for the demand that 
only faultless skiagraphs should Ik* admitte<l as evi<lence in court. 

While we can readily see that a skiagraph furnishes the most 
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loiiviiicinf: prmif at the o.xlcnt of tlie Imnc injuries, it iloes not 
show the injuries nf tho poft tissuon, at least not directly. There- 
fore a skiiigraph alone in not eonclusive for the pnrpow of esti- 
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mating the degree of functional disability. A non-medical skiag- 
rapher will, therefore, never be able to give expert testimony in 
any case of injury. If there is only one skiagraph taken the injury 
may appear at its worst, and vice verm. So a skiagraph may show 
a considerable degree of bony deformity, and still the function 
may be but little disturbed. Even fair results show, especially 
when displacement of the fragments or other unfortunate compli- 
cations were present, no ideal union, and still the function may 
be good. An unscrupulous patient, who secures possession of a 
skiagraph of his own case, which shows considerable deformity, 
may strongly appeal to a jury on the strength of this deformity, 
especially if he succeeds in simulating great disturbance of func- 
tion. On the other hand, there may be but little evidence of bone 
injury on the skiagraph, but there may be severe impairment of 
function on account of the injury of the soft tissues (circulatory, 
trophic, or inflammatory disturbances), which can be produced 
only faintly, if at all. Thus we see that in a given case the skia- 
graph must be considered in connection with all the clinical symp- 
toms, and this can, of course, only be done by an experienced 
medical expert. As alluded to, a thorough anatomical knowledge 
is required. But it is also necessary to know the different modes 
of delineations and various projection planes. 

The history revealed that the patient, a boy four years of age, 
fell against an iron bar while playing. Being unable to rise again, 
he was taken up and carried to St. Mark's Hospital, where, in the 
first instance, moderate pain was noted besides the functional dis- 
turbance in the left leg. There was neither any difference in 
level nor any other deformity, nor any shortening, nor the equinous 
position, but only a very moderate and uniform swelling of the 
leg. Abnormal mobility and crepitus could be produced only by 
very rough manipulations. 

On the day following the injury two skiagraphs were taken in 
different positions, one of them on the dorsal and the otlu^r in the 
lateral position. The one, made by antero-posterior irradiation, 
the platinum disk of the tube being perpendicular to the anterior 
surface of the leg, did not show any indications of a fracture-line 
(see illustration in New York Medical Journal, January 0, 1900), 
while the other, obtained bv lateral irradiation, shows the fracture 
distinctly (Fig. 259). A third exposure, made on the fifth day 
after the injury, in antero-posterior projection, but very slightly 
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bent laterally, also shows the fracture-line beyond doubt (Fig. 
260). 

Tlie fracture presented the typical oblique type in the middle 
of the tibia (fracture o la her de ffiUc), the fracture-line running 
from l)elow anteriorly to nhove ]M)steri()rly, and the upper ta]X»r- 
ing fragment ov(Tla])]>ing ibc lower end. Xo lateral displace- 
ment having been jm'scnt. it will Ix* understood why the rays, 
reaching tlie long axis of tlic tibia in a ])erpendicular direction, 
did not show tlu* fnuturc-linc. A very sliglit change in tlie posi- 
tion, where tbc inclination towards the fibular direction ainounte<l 
to less tban n inilliinetre. hiouglit out the fracture distinctly. Tf 
this skiagrajilu however, is not studied very carefully, the transpar- 
ency of the thinnest portion of the fragment might create the 
erroneous im]»ression that tlu^ lower ])ortion overhung the u])per 
one. 

Now, if. as is usually done, a skiagraph had Ikvu taken in the 
antero-])osterior direction only, and if the manipulations nuide 
during the first examination had been carried out as gently as 
they j)roperly should be, the fracture might have been overlooked 
entirely. And if, in view of the local |)ain and tenderness, the 
swelling and the functional disturbance, the* possibility of a frac- 
ture had been seriously (onsidered. the first skiagraph might have 
silenced the uneasv conscience. 

This ex])erience also teaches the necessity of always taking at 
least two skiagrajihs in dilferent ])ositions in all cases of sus- 
pected fracture. 

If this case were brought before a jury, an ex])ert might there, 
on the strength of the first skiagraph taken in the antero-jiosterior 
projection, have testified, in good faith, that there was no fracture. 
With the dia])hragm, however, even in this position, at least a faint 
indication of tlu* fracture-line is shown. 

In a case of osteo-epiphyseal se|)aration of the radius in a lad 
of sixteen vcar>, who had falKMi from a stone staircase, the first 
skiagraph gave the impression of normal, non-ossified epiphyseal 
ends. A second skiagrajib, taken with tlu» ulnar margin of the 
hand slightly lifted, showed the ju-esence of the fracture-line be- 
yond doubt, while the third skiagra])b, taken in the lateral po.^ition, 
markedly Illustrated (he displacement of the fragments. (Com- 
pare Fig. in"2.) 

These cftscis are another proof of the ateolute need, as stated 
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on previous otcadinii, o( tiikinc at leant two exposurrs in dilTiTcnt 
portions in all fnuturp caseR. In joint injuries it is often neees- 




(Compue Fig. 259. Anterior Uipiwiire ) 



Hirv to make a skiaf;Taph of the liealtiiv joint at the opposite side 
at the !>ame time, in the same position, and in the same projection. 
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Soinetimes it is also advisable to compare a normal skeleton with 
a skiagraph, since some patholoijical conditions like rachitis, 
syphilis, etc., influence the outlines of the bones and may deceiv- 
ingly be supposed to represent a portion of an injury. The fact 
that in children the ci)ii)hyseal tissues are not sufTiciently ossified 
to produce a sliadow on the plate has caused many but unjustifi- 
ble errors at (he early Riintgen era. 

In many fractures the destruction was so extensive that a good 
result could not l)e expected under any circumstances. Then 
the patient may be temj)t(Ml not only to claim damages from his 
employer, but also from liis physician. In such a case, a skia- 
graph taken as early after the aicident as possible will be the l>est 
protection for the ])hysician. It W(mld be a document showing 
that the ])hysi(ian knew well tlie serious nature of the injury. 
The skiagra])h Fig. '^(11, for instance, illustrates a multiple frac- 
ture of the elliow. S])l inters of l)onc arc scattenMl, and are shown 
emlx'ddcd in tlie soft tissues. None but a fool would, on the 
strength of this skiagraph, have expected the surgecm to restore 
the lower end of the humerus, which was almost completely shat- 
tered, to a normal condition. Or if a deformitv is caused by ex- 
cessive callus-formation, the skiagraph will be the surgeon's advo- 
cate. In one case considerable deformity of the wrist was present, 
which caused disturbance of function. Tbe skiagraph showed the 
fragments in s|)lendid apposition, proving that the deformity was 
produced by (»xcessive callus-formation, for which, of course, 
nobody can be made res|)onsil)le. The patient who accused his 
])hysician of malpractice could, wlien lie saw the skiagraph, 1h' 
easily convinced by the author that he had done great injustice to 
his physician. 

In the case of the girl, illustrated by Figs. "I'M), '210, and 241, a 
diagnosis without the Kiintgen rays was sini])ly ini|)ossihle,and with- 
out th(» diagnosis the patient would surely have been cri])])led. It 
was not until weeks had passed and the swelling had subsided that 
the author was able to gra>|) the radial fragment, which is of such 
great importance in view of its joint surface. Would the court 
have the right to censure the physician if he had not advised skiag- 
raphy? If litigation ensued, would the other party have had the 
right from the beginning to insist that a skiagra])h l)e taken? 
And if we had not succeeded in reducing the fragment, would we 
have l>een criticise<l ? 
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A (li'luiite iiH'ilico-lf;;a! question is: Wliiit et'tures the identity 
of tlif [Hiticiit wlio is skiagraplu'ti ? Is it sufficient that he signs 
his iiiiiiie (111 tlie cnvelDiKi of the plate with n |H'nc'il containing im- 
tiernii'iiljlc siil»staines,!io tlial liis signature is photographed together 
Willi ihi' liiub. or is it iieirssary to have a witness present, or lioth? 

Tliis hrings iih in touili witli another <|iiestiiin, whi«-h is a burn- 
ing one in the full s(.'ns<' of the word: Is the physician responsible 
fill' iui injury imni. caiiseil liy the peculiar inffnenee of the rays, 
if they arc used for diagnostic purposes? .\> described in the fol- 
Iijwing iliiiptcr, it si'enis that in some individuals a susi'L'ptibility 




ils which can lie conipared with the so-called iodoform idiosj-n- 
iv. This susM'iitibility cannot l)e recognised except after the 
II lias e^tahli^ln.■.l itst'lf. when, in other words, it will Ix! too 
■ for propliyhixi^. All we know is Ihat hlonde individuals are 
re siisceplibh' than others. There an' no ineinis at all which 
led the body from this except by a hasty exiiiui nation. Since 
time of c\po>iin' has, thanks to our improved apparatus, been 
siileiahly iliniinishcd, the danger of burning the patient during 
lioniiigh diagnostic exposure is extremely small. 
As tlie Itiinlgen rays have also shown therniH-utic properties, 
^ (pieslion has reache<l a new phase. In order to exert a curative 
uciiie fnipient and powerfnl expoRuree are required, and conse- 
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quently the patient imist, in the end, risk burning, as described in 
Chapter XVI II. In some instances, a protection can, especially 
in non-malignant skin diseases, be obtained by lead masks. But if 
malignant growths like cancer or sarcoma are treated, too much 
irradiation can hardly be done. In view of the fact that the cancer 
cells are not confined to the growth itself, but are also found in 
the adjacent tissues, it is necessary to irradiate as large an area 
as possible. Where ulcerations already exist, as often happens 
in carcinoma, and wliere new ukerations as well as inflammatory 
processes may originate every day, an unscrupulous patient may 
claim tliat they were caused by tlie injudicious use of the rays. 
Can a physician protect liiuiself against such allegations by simply 
stating that the risks of (lie Kontg(»n-ray theray)y were explained 
to him? or are further ceremonies required? Numerous medico- 
legal questions have come up with this wonderful discovery, which 
have not vet been satisfactorilv answered. 

In severe cases of dermatitis, especially if there are necrotic 
areas, it ap])ears to be natural that the patient is only too much 
inclined to l)lame liis exaiuin(T. Whether the operator was negli- 
gent or not seems to l)e immaterial to the great majority of the in- 
jured ; all tliey see are the sad consequences. In the court cases in 
whicli the author was called u]) as an expert, he was shocked by 
the unjust if, indeed, he may not say the felonious attitude of the 
plaintiffs. AltJiough witli our i)resent means it should not appear 
very diflicult to settle tlie question whether the ])hysician has com- 
mitted any negligence or whether he or his patient is the victim 
of unfortunate circumstances, .there is hardly any subject in the 
wide field of medical juris])rudence where tlie juries, judges, and 
experts disagree as much as in this. Tlie decisions of the courts in 
this country as well as in (Jermany, England, France, and the 
Netherlands illustrate a most dej)loral)j(» state of affairs in this 
matter. French courts have excelled in decisions against physi- 
cians, especially in all cases where the corpus delicti had consisted 
in injury to the complexion of the fair sex. 

Some time ago in New York State a suit was dismissed which 
had been brought against a dentist of good repute who had sus- 
pected the neuralgia of his patient, a young lady, to be caused by a 
foreign body in her jaw. The dentist very proj)erly recommended 
that a Rontgen-ray photograph should be taken in order to verify 
his suspicion. At that time very few physicians were familiar with 
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the teclmic of the new method, wherefore an electrician was rec- 
ommended who liad the reputation then of being an " X-ray 
• specialist." The result after repeated exposures was an extensive 
bum of the third degree around the neck of the patient. The 
patient claimed that " a million volts of electricity were used," 
undoubtedly a somewhat excessive voltage, and one which should 
justify the large amount of damages demanded. The court upheld 
the defendant's contention, that the patient had voluntarily sub- 
mitted to the Rontgen ray exposures upon the advice of the dentist, 
and as he had not administered the treatment, he was not liable. 
The dentist, in fact, would deserve high praise in seeking the l)est 
information for the cause of this patient's ailment. The question 
of the responsibility of the electrician is still left open. 

In this country several cases are on record in which burns 
were caused by searching for renal stones, the examination being 
done by experienced physicians. Only in one case, as far as the 
author knows, the patient commenced suit against one of the 
best ex]K'rts in RcJiitgengraphy. The suit was dismissed by the 
judge. 

The suit against Professor HofTa, of Berlin, the famous ortho- 
pedist, became widely known, not only because of the prominence 
of the defendant, but more so for the complicated etiology of the 
injury. The patient sulTered from ankylosis of his hip, presum- 
ably after coxitis, for which he was treated by the Rontgen rays 
under the supervision of an " X-ray specialist." Altogether he 
was exj)osed 'My times. No change for the better taking place the 
patient consulted Professor Hoffa, who advised a diagnostic ex- 
posure in order to ascertain the condition of the hip-joint. The 
distance of the tube from the abdominal integument w^as 30 cm., 
the length of exposure 25 minutes. Ten days later extensive der- 
nuititis set in, which induced the patient to bring charges of crim- 
inal n(*gligence in the treatment. Professor Iloffa, in defense, 
claimed that the exposure was made according to the principles 
adopted by the medical ])rofe88ion, and that furthermore the sen- 
sitiveness of th(» skin was increased by the previous irradiations. 
The district attorney, after having called upon an expert, who sus- 
tained Professor Iloffa, dismissed the claim. 

Xowadays, by our greatly improved means, Iloffa would not 
have burned his patient, even in spite of the preceding irritation, 
because he would not have exposed for 25 minutes. It is only a 
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few months ago that the author liad an opportunity to see Pro- 
fessor Hoffa take a beautiful Rontgen pLite of a hip in three min- 
utes. 

We may safely expect that damage suits for Rontgen-ray burns, 
caused during diagnostic exposures, will become very infre<]uent. 
But with the emj)loym(*nt of tlie Rontgen rays for therapeutic pur- 
poses this question of injuries has entered into a new phase. Burns 
have now become a ratlier common accident. In several instancies 
suits were i)rought against ])hysicians, especially on the ground 
that they did not use the necessary means of protection. In most 
of these instances the severe character of the diseases demandeil a 
severe treatment, so that burning bad to be risked. This fact alone 
is suilicicnt j)roof of the j)erfidious nature of the suits. In cas(*s 
where onlv cosmetic considerations are concerned, such riskv 

ft ' %■ 

therapy is unnecessary of course, the diseased area alone requiring 
irradiation, and the healthy vicinity demanding protection. If in 
cases of this kind the patient is j)romised that no burning could 
take place, he feels justified to find fault with his physician when 
the promise is not fulfilled, when, in other words, dermatitis, fol- 
lowed by ugly cicatrization, is exchanged for a few supertiuous 
hairs. 

An illustration of the deplorable consequences of omission is 
the suit brought against a prominent ])hysician in Germany, who 
treated a ladv for hv])ertrichosis of the chin for several months. 
After repeated reactions of a slight nature were observed, the face 
showed signs of dermatitis of the second degree while the anterior 
aspect of the chest (IcvcIojhmI a burn of the third. Aft(M* five months 
cicatrization had taken place in the face. But the chest still 
showed a large ulceration. At that tinu» the ])atient brought 
charges against the physician for criminal negligence. 

The court called upon various e\})erts. One was the official 
Court i)hvsiciaii," who admitt(Ml that he did not understand anv- 
thing of the Rontgen rays, but, strangi^ to say, gave his official 
opinion nevertheless. 

Besides this the expert ti^stimouy of the '* (iovernmt'ntal medi- 
cal board of the province '* was obtained. None of these testimonies 
was favorable for the defendant. The third was that of the *' Roval 
medical deputation " of Berlin, which was in favor of the de- 
fendant. T'he plaintiff recovered judgment to the amount of $75. 
The points of the complaint were, first, the insufficient infomia- 
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tion of the patient in regard to the possible consequenees of the 
treatment; seeond, the insiiflReient protection of those areas which 
did not require irradiation; tliird, the continuation of the treat- 
ment after redness had appeared. 

The court disregarded the first two points but sustained the 
third, viz., negligence. This judgment is based on an error. If the 
court had held that the chest should have been protected it might 
have been more correct, l)ut it could not have found fault with the 
continuation of tlie treatment after slight reaction had shown 
itself. 

How far the beneficial influence of inflammation ])ro(luced by 
the Rontgen rays goes is also illustrated by Figs. 2()(), 2(\9», 271 
and 274. 

As to the etiology of Rontgen-ray dermatitis, its course and sig- 
nificance, the reader is referred to the following chapters. The 
proper means of protection are also discussed there. 

In the meanwhile another miraculous phenomenon makes its 
appiMirance on the medical horizon. Little as we know of the 
practical utilization of raiUum, yet it marks a new era in electrical 
science. Its influence upon diseased tissue is undis])uted, and con- 
sequently we shall soon hear of accidents caused by its therapeutic 
use. (Further particulars are found in Chapter XX.) 



SECTION III 

EFFECTS OF THE RONTGEN RAYS 



CHAPTER XVIII 
IWXTGEN THERAPY 

Physiological. — Soon alter the discovery of the rays it was 
found that they had a marked influence on the protoplasm of the 
irradiated cell. Especially the peculiar changes which manifested 
themselves in the skin of persons who were exposed to the rays for a 
long period, called attention to this fact, which suggested that they 
were due to a specific influence. To define their influence the 
various phenomena emanating from the tube must be known. In 
the first place, it nnist be considered that there are different kinds 
of rays generated in the vacuum as well as at the surface of the tube 
— namely, Rontgen, cathode, ultra-violet ravs, and those of an un- 
known character. Tliere are also spark and brush discharges, 
and electric and elect rod vnamic waves. 

The heat and ozone which are produced at the same time 
apparently do not participate in tliat specific influence. The ultra- 
violet rays cannot be of any practical importance, since they are 
absorbed by the glass of the tubal wall, after being generated in 
the vacuum. 

The cathode ravs show similar conditions, inasmuch as thev 
permeate thin layers of aluminum only and are extensively ab- 
sorbed by glass. 

Therapeutic Effects. — The fact that the wall of the tube becomes 
blackened after long use gave the impetus to the theory of the 
direct bombardment with particles from the electrodes. But it has 
neither been proved that they ever passed the tube, nor has the 
microscopical examination of the injured integumental area shown 
any evidence of the presence of such elements. 
360 
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Direct electric discharges cause an influence on the skin simi- 
lar to that produced by the Rontgen rays. An exposure to the 
brush discharge of a generator capable of a spark length of two 
inches may cause a burn. But that electricity alone could not 
cause that specific influence which is observed after irradiation 
with the Rontgen rays, hardly needs further discussion nowadays. 

It is, however, only partially explained in what manner this 
specific influence exerts itself. Analogous to the integumental 
changes produced by sunlight, heat, caustics, and acids, it is largely 
dependent upon the strength and the amount of the Rontgen rays. 
The tissues are influenced diflerently by different rays, just as the 
photographic plate is impressed differently by various kinds of 
light. The sensitized coating of a photographic plate not only 
reacts the more intensely the stronger and longer it is exposed to 
the light, but it also shows different impressions, according to the 
different refrangibility of the rays. Thus the solar spectrum, even 
in long exposure, scarcely affects that portion of the plate where 
red is projected, while the blue and violet light leave intense 
impressions. Green and yellow light produce stronger impres- 
sions than the red. The more refrangible the rays are, the more 
they are absorlxnl by the bromide of silver of the photographic 
plate. 

No doubt there is some chemical action which causes metabolic 
disturbances. Tt seems most plausible that the Rontgen rays in- 
duce fluorescence in those cells which ]){)ssess fluorescent proper- 
ties, whereby chemical changes take place. The glue-producing 
tissues, of course, would be pre-eminently concerned, and the rela- 
tionship to the gelatine of the bromide of silver is obvious. It is 
a characteristic feature of the Riintgen rays that their effects do 
not show before a long period of incubation. This stage, which 
may be properly called the latent, lasts between ten to twenty 
days. The nature of this reaction, generally called Rontgen-light 
dermatitis, will be descrilx?d in the following chapter. The gen- 
eral symptoms reported of some patients as the consequences of 
moderate irradiation res(»mble those of sunstroke, the predominat- 
ing sign lx»ing dizziness. 

The prolonged influence of the Rontgen rays surely pro- 
duces a more or less intense hyperaemia in any part of the human 
body. In exiK»riments of long duration, conducted by relia- 
able investigators, not only hypersemia and swelling of the con- 
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junctivae, but also retinitis and contraction of the pupils have 
been observed. Thus we can readily understand that hyperaemia 
takes place in internal organs, if the powerful influence lasts long 
enough. 

Segny and Queiinisct ohserved intense and irregular palpita- 
tions of their lieart when irradiating themselves for a greater 
length of time. Destot found that when he irradiated his own 
hand for an liour bv a static machine, tlie tubal wall being two 
inches distant from the skin, the pulse Wame fuller after ten 
minutes. But there was no eliange in the number. The examina- 
tion was done by a Mnrey spliygmograph. 

If a coil was used under the same conditions, the pulse showed 
a greater tension at first, which then disappeared gradually; 
finallv arrhvtlimia was observed. 

Attempts htive been made to approach this important question 
by experiment on the lower animals. Thus Tarkhanoff (Uazetta 
degli Ospedali, March 1, 18!)T) observed that irradiation of the cere- 
bral hemispheres of the frog inhibits reilex movements. The col- 
our of the i)atrachian integument ajiiK'ared much <larker when 
the frogs returned to their moist element after l)eing irradiatinl. 
Riviere's e.\}>eriments on tlie hearts of frogs revealed no influence 
upon their rhythm after long exposure. After prolonged irradia- 
tion, frogs, mice, guinea-pigs, rabbits, and birds, died, mostly with 
paralytic symptoms. 

How far the (^ve is influenced bv the ravs is not vet definitely 
settled. Amoni: 20^ blind children De (Vnirmelles found that 
nine of them felt n marked ])erc(^ption of the rays. The experi- 
ments of (lalli, Fuchs. and Kreidl point to indifTerence of the 
retina. But Wild rej)orts a case of pano])hthalmitis after excessive 
irradiation which re(|uire(l enucleation of the eyeball. The ante- 
rior media show decided reaction. Photophobia is not infrequently 
observed after irradiation of the fac(\ After long seatices the 
author, with very few e.\ce])tious, always noticed a burning sensa- 
tion of his eyelids. 

Chalu])ecky, after irradiating the eye of a rabbit for twenty- 
four hours, found dej)ilation, conjunctivitis, and infiltration of 
the cornea, followed later by the fornuition of ])>eudomembranes. 

That the Rontgen rays exert a powerful influence upon the ac- 
tion of the skin, upon metabolism, and the temperature of the 
blood has been demonstrated by Txjcercle. In one of the author's 
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experiments made on dogs, alopecia of the area, which was 
irradiated for three hours, deveU>ped as early as the fifth day. 
The hair bulbs showed no atropliy, but the epidermis and the 
skin follicles were destroyed. Microscopical examinations of an 
excised j)iece of integument showed the usual signs of inflamma- 
tion. 

The author's experiments on mice (see Medical Record, June 
18, 11)02) showed that depilation bi»gan on the fifth day on an 
averrge, where irradiation was done thret* hours a day. The first 
symptoms showed at the forehead. During the time of observa- 
tion the animals exhibited no disturbing symptoms — only one 
among nine died after being exposed to the Rontgen light for 
twentv-three hours. This mouse was irradiated one-half hour 
daily for one week, one hour dailv for one week, one liour daily 
for a second week, and two hours daily for the third W(»ek. Depila- 
tion took place over the dorsum then. Soft tubes had Ix^en used 
for this case exclusively. The autopsy showed slight congestion 
of the viscera. Microscopical examination revealed the general 
signs of inflammatory changes. In two of tlie animals whicl) were 
treated in the same manner, but in which high-vacuum tubes were 
used, the integumental changes were slight, but the viscera, espe- 
cially the intestines, were much mon» hypcraMuic. This would also 
be in favour of the assum])tion that the soft tubes affect the integu- 
ment more intenselv than the viscera, while the hard ones affect 
the skin to a slight degree only, but by their greater power of 
])cnctration still exert their effects on the viscera. Intense i radia- 
tion showed marked reacticm at the opposite side of the body 
(abdomen, for instance, when the dorsuu) was exposed). The 
signs of reaction at the opposite side ap]H'ared a week later, on an 
average, than those of the area directly exposed. In men, visible 
effects on the oj)posite side have not lx»en ol)served. 

The microscopical examination of extirpate<l tissues, when 
irradiated after excisicm, was always negative. An extirpated tes- 
ticle of nn animal, for instance, showed the same structure after 
prolonged irradiation as the other, which was not exposed. 

So much for observed facts. The question how these inflamma- 
tory processes are originated cannot be easily answered, because it 
touches not only physics and chemistry, but also presi^nts physiolog- 
ical. ])athological, and even bacteriological factors. It seems, how- 
ever, that it can Ik? answered best on the basis of clinical observa- 
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tion. While experiment on the lower animals is extremely useful 
for comparison, thereby suggesting new ways for investigation on 
the human body, it cannot be conclusive for tlie pathology of man. 
The thick hairy coat of the animal reacts to burns in a way differ- 
ent from that of the human integument. The same must be con- 
sidered in connection with the effects of tlie Rontgen rays upon the 
skin. It will therefore be more proper to compare our knowledge 
of the conditions produced by ordinary burns of the human skin 
with those caused by the Rontgen rays. In both a disturbance of 
nutrition in the walls of the blood-ves.^^cls and its consequences 
become at once ap))arcut. By considering, for instance, the conse- 
quences of a simple burn of the second degree, it will be found 
that the destruction of the red blood-corpuscles, described by 
Fraenkel, Ix'sser, Pavjovsky, Ponlick, and Wertheim, is of no sig- 
nificance even in extensive burns of ill is kind. According to 
Hoppe-Seyler, even in fatal burns of the second degree the maxi- 
mum of the destroyed blood-corpus(les did not amount to more 
than 2.4 per cent. The products of tissue change, resulting from 
the pathological disintegration of the tissues, are much more detri- 
mental. They originate, according to Fraenkel, in the same man- 
ner as they do in the digestion of albumin. The albumin is split, 
absorbs water, and is finally transformed into albumose and pep- 
tones. Krehl and Mathews examined these disintegration products 
of albumin within the human bodv. From the results of their 
investigation we may conclude that in burns of the second degree 
there is, besides destruction of the red l)lood-cor])uscles, disintegra- 
tion of albumin. The cou<e([uence of ihi^ latter and most impor- 
tant change is the formation of exudates, which produce albumoses 
during the process of absorption. And albumose, not being a 
product fit for assimilation, is eliininatiMl from the organism by 
the way of the kidneys. 

The greater or lesser severity of the clinical symptoms seems 
to be dependent upon the various degrees of toxicity of these 
substances. In this wav the fatal outcome of extensive burns of 
the second degree is also explained. In addition, the large loss of 
fluid (blood plasma) must be considered, which is also the larger 
the more widelv the burned surface* extends. The waste of fluid 
causes a loss of the natural resistance in the organism, so that 
these toxic products find a much more favourable soil. 

In burns of the second degree the destruction of the red blood- 
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corpuscles is of iiiucli greater importance, since the elimination of 
a large quantity of tliem has effects similar to those of carbonic- 
acid poisoning. To this is added the result of absorption of the 
j)roducts of the disintegrated tissue (toxsemia). 

The difference l)et\veen an ordinary burn and the changes of 
tissue caused by Kiintgen light consists, as has been alluded to 
above, in the slow development of the process. The peculiar chem- 
ical influence of the Kiintgen light on the tissues is exerted in such 
a manner that the nutrition of the cells is impaired. It is only 
when this impairment has reached a greater degree that the signs 
described above manifest themselves. And these signs are again 
influenced by the strength and the amount of the Rontgen light. 
A greater or lesser degree of predisposition is also of significance. 
Effluvium capillorum is explained by inflammatory processes in the 
matrix cells. 

That the Rontgen rays possess bactericidal properties cannot be 
doubted any longer, although the various reports on this subject 
differ widely. The antibjicterial effect of sunlight is an illustra- 
tive analogy. " Where the sunlight has no access, the physician 
will soon appear," is an old and significant Italian proverb. In 
harmonv with this consideration, derived from the observation of 
the development of tulxTculosis, is the fact that cultures of the 
tubercle bacillus die after exposure to sunlight for three hours. 
When we consider the great similarity Ix'tween the effect of sunlight 
and that of the Rontgen rays, the bactericidal projx^rty of the lat- 
ter appears to 1h' evident. And in fact the experiments of Ijortet, 
(lenoud. Kiorentini and Luraschi, Frantzius, Miihsam, Rieder and 
llolzknecht not onlv showed that the ravs exert a direct bacteriodal 
influence on the cultures, but also arrest further development of 
bacterial infection. That it is not the electricity, but a specific 
agent of its own which is responsible for the antilmcterial influ- 
ence of the rays, is evident from the fact that the growth of the 
same cultures was not impaired if any other electric means were 
used. 

Rieder used a Voltohm tube and an induction-coil with a spark 
length of ten inches, permitting of 3,000 interruptions per min- 
ute. Ife placed the cultures in Petri dishes at a distance of three 
inches from the target. They were protected by a perforated sheet 
of lead. It is evident that if irradiation took place through the 
hole made in the centre and covered with black paper which was 
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not iwrineablt by daylight, \W- imrc cfTcft of the Ri5iitgen light 
could be i-t«rtic<l, while it tlu' oiieiiiii}; was left free, the influence 
of daylight would have cotiic into consideration. In most casies, 
however, llic nsiilt was tiic siuiie, whelher daylight had had access 
or not. 

liortet lunl (ieiioHd, nflcr inoculating animals with the W'Ulua 
of tubiTculiisis, i mill ill ii'il sonic df ihciti daily for a ]KTiod of seven 
weeks. None of the irnidiiited iiiiinmls showed any signs of infec- 
tion, while the nim-irradialed ones develo]icd abscesses and showed 
rniiid eniacijilion. Kiorcntiiii mid l.uras.hi found that irradiation 
tnflucnec<l llie infected tissues considerably, thus corroborating the 
observation of Lurtet ;uid (it-iinitd. ^Uihsatn, who inoculated 
gnineu-pigs, foum! that general t\ibereulosis was not influenced by 
the rays, but that tlic litcal i>roiess was either inhihite<l or dimin- 
ished. 

Ad thiw most inipnrtant (|iiestioii stands at the present time, it 
peems lliat a powerful elTcct on the bacillus tuberculosis is not 
exerted liy the riiys, at h-.iA not sulficicntly powerful as to be 
utilized in practice. That an inlluencc exists can hanlly be 
doubled, and (o the author this seems to lie les.* of a bactericidal 
than of an intlaiimuitory nalure. It is always well to remember 
that in tulN'nulosis not only the bacillus, but also that product of 
nietaiuovphosJs. which we know as llic tiilienailous nodule, is to be 
coiicidercd. Artificial liypcra'inia. as has been shown by Roki- 
tansky, may also arrest the <levclo|uiienl of tuU>rciih>sis. [f it is 
appreciated that lubcrciilosis; i,; still the most ini|nirtant of all 
diseases, it apiicms fn be wdl worth while to iiivcslipate lliis prov- 
ince still more thor<'iif:!ily. 

Potato-cultures of tlic Un.iUus iH;>,li,i!;«„>^ evj.nsed by von 
Wolfenden and Itoss in test-liihci' (Lancet. ISHS. ],. i:,-i-;) showed 
stimulation of their growth after an h.air's irradiation. Their 
inductive coil had a spark Iciigih ..f IS iiiclie-. their voltage 
amounted to li. ami the ^niiperagc t<) alHUil 10. 

It .M-ems that the glass of the test-inh,s olTered an oU^iicle 
to the permeation by the rays. 

Cultures of the Sh,>lnt!orf,rn,s jii/.vjni''^ niirrm on gelatin. 
when exposed for an licuir. sliowcd dimiuishing of tlicir growths 
under the hole in the cenlre. The same r<'siil( was obtained in cul- 
tures of the H'lrilliiit roll rowminiii. Tlic vibrio of cludcra placed 
on agar responded very readily after an exposure of forty-five 
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minutes only. In fact, the whole area corresponding to the open- 
ing in the centre was practically free from any colonies. 

The same result was obtained in agar-culture of the Typhoid 
bacillus, while blood-serum cultures of the Klebs-Loefffer bacillus 
required longer irradiation until their further development was 
arrested. 

From those observations it may be learned that especially the 
stapliylococcus, Bacillus coli communis, vibrio of cholera, and the 
Typlioid bacillus were destroyed if grown in gelatin, agar, or 
blood-serum. It would be a consummation devoutly to l)e wished 
if these bacteria could also be reached by the rays when develop- 
ing inside of the living body. But our present means do not per- 
mit an effect so powerful that the developing process of bacteria 
in vivo would be inhibited. 

It seems that the various reactions shown bv the various bac- 
terial types are in proportion to the different qualities of their 
plasma. 

The great technical difticulties connected with the study of the 
details of intercellular life naturally suggested approaching some 
of these pro])lems by experiments on the lower animals, like the 
protozoa, which permit of a closer study of their protoplasma. 
Schaudinn (Pflueger's Archiv fiir die gesammte Physiologic, Band 
Ixxvii), for instance, found that among the protozoa, Labjfrinthula 
dacryorifstis Clnitl\ showed no changes at all. The plasma of 
these types is viscid and inert. It is indifferent to all kinds of 
irritation, while the lively Anurlm ])rinceps (Khrbg.), the licjuid 
plasma of which contains hirge quantities of water, shows consid- 
erable change, and dies after l)eing irradiated for ten hours. All 
kinds of infusoria ])erish after being irradiated for six hours. 

Maldiney and Thouvenin found that the seeds of the morning- 
glory {Convolvulus arvensis) and of the watercress {Lepidium 
salivum) showed the signs of sprouting much more rapidly when 
they were irradiated for an hour. 

All their experiments point to the fact that the rays, if used 
moderately, have an exciting and invigorating effect upon the or- 
ganism, while when used excessively are a])t to exert a destructive 
or paralyzing influence. This is in entire accord with clinical 
observation. 
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The third aiul ^rravest decree is cliaractorized by the escharotic 
destnietion of the irradiated tissues. They show the signs of dry 
gangrene, and their a])|)earance is brownisli black. There are in- 
tense intlaniniatory signs and the temperature rises accordingly. 
The ])atient suffers considerably. If the necrotic area exfoliates 
by a slow suppurating process, or if it, as it should properly be, 
is removed by the surgeon, a granulating ulcer remains, the cica- 
trization of which may take months (necrotic form of Rontgen- 
ray dermatitis) (Fig. 2M:$). 

Then the integument l)ecomes hypera*mic, erythema of a light 
red ap]K'a ranee develo])s and clianges like ])igmentation set in. 
If tlie irradiation is discontinued in this stage, these signs, espe- 
cially erythema and pigmentation, disappear in two or three days. 
The integumental turgeseence lasts somewhat longer. After depila- 
tion the first signs of the recurrence of the hair show in five to nine 
weeks. After a few weeks there is complete recovery, though 
sometimes slight pigmentation of the integument remains. 

If the irradiation is continued the skin may become burned 
and scaly: or the bullous \\]w of the Rrmtgen-light dermatitis sets 
in. In this form intense reaction takes place after an incubation 
of about two weeks. This is of a subjective as well as of an 
objective character, and lasts about as long as the period of incuba- 
tion ditl. Then cicatrization follows. If the area of irradia- 
tion was covered with hairs, depilation takes place. The process 
of regeneration of hair is slow, and pigmentation and teleangiec- 
tasis nearlv alwavs n^main. 

The necrotic state of the Rcintgen-ray dermatitis develops a few 
days later than the bulhuis form as a rule, and requires months 
for its cure. This tviM? reminds one of the stationarv form of 
gangrene, which is known as *' glacier-gangrene '' in Europe. The 
antediluvian face of the old inspector of the ice-grotto at the 
Eiger glacier in Switzerland, well known to many medical tourists, 
affords a real study of this interesting tissue change. 

There is a type of chronic Rontgen-light dermatitis which is 
es]M*(ialIy found among physicians who d(»vote a great deal of 
time to irradiation. Fig. 2(>3 shows the wrinkle<l, shrivelled, 
vulnerable, and ])artially cracked terra-cotta hand of a physician, 
who ha<l done daily skiagraphic work since the early Rontgen era. 
It represents the dorsal surface, which he turns against the Ront- 
gen tul)e in order to ascertain, by the study of the bones of his own 
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hand, what degree of trail el iicency exists. The tip of the fourth 
finger was the most exposed target, which finds its conspicuous 
expression in the black colouri^ation of the nail and the onychia. 
Next to it the little finger suffered most, which is illustrated by 
the deep black of its nail. The nail of the middle finger is less 
blackened, and the index still less, while that of the thumb, which 
is held sidewardly, is fairly 
normal. 

The hands of Hontgo- 
active physicians show 
the integument wrinkled 
iuid shrivelled; the nails 
liorny and cracked, and the 
ihiilanges thickened, so 
that there is tension dur- 
ing movcmert. The elas- 
ticity is lessened and the 
sensibility increased. Ef- 
lluvium eapilloruni is an 
invariable nccouipnniment. 
In some cases the forma- 
tion of warts and rhagades 
is observed. Undoubtedly 
tliere is a cumulative in- 

Experience has taught 
us that in all cases of 
Hiintgen-light dermatitis, 
other circumstiincps hciii^r cqiuil, long exposures had taken place; 
and it is therefore obvious that short exposures are the best safe- 
guard against injury. Hut then the (piestion is: Sluill we reach 
the desired result, wjicilier for diagnosis or therapy, by a short 
expc^iurc? If not. wlial kind of prophylaxis nnist he used? 

In order to appreciate this important point thoroughly we 
must also consider some contributing factors — viz.. the eonstme- 
tion of the tube, the penelration power of its light, the distance 
from the irradiated body, the position of the object, the number 
of interrnptions, and the size of the secondary. 

Whether an accumulator, a static machine, or a coil be used 
seems to be irrelevant. But, as mentioned in the author's previous 
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publications on this subject, we have to reckon with Rontgen light 
susceptibility, existing in some individuals, just as much as we 
have to do with iodoform idiosvncrasy. The author's statistics at 
the German Poliklinik of Xew York, which are based upon twenty 
years of continuous observation, show that about every fiftieth 
individual becomes affected with dermatitis when treated with iodo- 
form. Since such idiosyncrasy cannot be diagnosticated before the 
derliiatitis makes its appearance, we shall never be able to prevent 
it. But what we can do is to recognise it in its early stage, and 
if this is done, further spreading can be arrested by simply dis- 
carding its further use. 

There are, however, two points of difference between the iodo- 
form and the Rontgcn-light susceptibility. In the first place, a 
non-susceptible patient will not show any signs of iodoform derma- 
titis, no matter how long he may iodoformize himself, while there 
is no individual who would not be burned by the Rontgen light 
if its influence is kept up long enough. And, secondly, the Ront- 
gen dermatitis will not stop as soon as further irradiation is dis- 
continued. The peculiar features of the Rontgen rays not to show 
the injurious effects as a rule before the tenth, sometimes not 
before the twentieth day after the first ex])osure, stands in the way 
of an early and rational prophylactic therapy. The only method 
by which we may so far determine whether a susceptibility exists 
or not is by tentative exposures. So it may sometimes be a chain 
of little causes, long exposures, short distances, powerful apparatus, 
condition of patient, and weather, which in their entirety may be 
the stimulus for the reaction. Besides this susceptibility, wliich is 
born with the individual, and is to 1h» regarded as an iniponderabili- 
?/m, temporary susceptibility exists, which may be attributed to 
temporary bodily conditions, to pathological changes, or to climatic 
influences. The author has repeatedly called attention to his ob- 
servation that when suffering from a slight Rontgen-light derma- 
titis himself he could note a marked increase of the symptoms 
during sultry weather. The patients treated on such days had a 
similar experience. 

He does not, however, lH»lieve that the quc^stion of susceptibility 
requires much consideration, as far as exposures for diagnostic 
purposes are concerned, since, with our present methods, the length 
of time needed is very much shorter. Even if repeated exposures 
have to be taken the author has, so far, not seen a Rontgen-light 
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dermatitis before the fifth repetition, the intervals having been 
from two to thrtM? days. And these cases were slight, the first or 
second degree. Still, as already said, with our present apparatus, 
a certain length of c.\])()siire invariably causes burning, whether 
the individual be siisce])tible or not. If long exposures are re- 
s])on?il)le in nearly all cases of Hontgen-light dermatitis, we shall 
naturally try to shorten them, as em])hasized al)Ove. This we can 
do only to a certain extent, if we are seeking full and distinct 
diagnostic information. Tufortunately, the lx»st skiagraphs are 
obtained by long exposures, made with tubes of low vacuum. This, 
in addition, rccpiircs the use of a strong current. So, in order to 
get out the structural details, three irritating factors unite their 
infiucnce, the long exposure, the soft tube, and the intense current. 
A tube with a higii vacuum requires only a short exposure, but the 
details of the skiagraph arc by no means brought out as well. So, 
theoretically, if the (picstion of dernuititis did not exist, we would, 
as a rule, combine very low vacua, very long exjmsures, and cur- 
rents of high intensity. 

Fortunately, tlie longest exposure (the ]x^lvis) does not now, 
with the aid of the Wchnclt interrupter, recpiire more than four 
to live minutes' e\i)osur(». and this will lx» tolerated even by a sus- 
ceptible individual. So, ])ractically, we do not need to fear much 
in our diagnostic ciTorts, and if we could make the rays still 
more ])owerful, in order to get inore difTerentiation, we would not 
hesitate to do it. 

But when rc])cated exposures of ten minutes time are neces- 
sary, the ([ucstion of siisc('])til)ility. as well as of ordinary cunuila- 
tive irritation, should be considered, and therefore the intervals 
between the exj)osures should be made long — a week on an average. 

None of the severe disturi)aiK*es, liowcvcr. rcjiorted in literature 
were due to sliort cx])osures, most of thiMii being observed in 
professional electricians. A tube-maker in a Hamburg lal)oratory, 
for instance, by testing the tulx's with his own hr.nds, sustained a 
burn of the third degree, the treatment of which was apparently 
neglected. Over the basis of the deep uU-emtion an epithelioma 
formed and nu'tastasis in the glands developed, so that disjirticu- 
lation in the shoulder-joint had to be undertaken. 

Lloyd (^ledical Record, April \, 1003, p. 554) reported the 
case of a tube-maker in Edison's laboratorv who had received 

« 

verv severe burns on his hands and head. Finallv he lost all the 
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skin of his Imnds. He was skin-frrafted in two or three hospitals?, 
and finally returned to New York with an epithelioma developed 
on the Kontgen-ray burn of the right hand. This epithelioma 
grew rapidly while he was under Kontgen-ray treatment, and 
finally amputation had to be performed. By the courtesy of ^Ir. 
Thomas A. Edison the author learned tliat the other arm of his un- 
fortunate assistant lK»gan to show such aggravated pathological 
changes that its amputation has also become necessary. 

Tuttle {ibidem) referred to a man whose thigh he had to 
amputate because of tlie result of an X-ray burn. A careful patho- 
logical and microscopical study of the X-ray burn as well as of 
the i)arts around it had been made by William Vissman, whose 
conclusion was that it was the result of the production of an 
endarteritis and a periarteritis. 

As far as the author could ascertain, extremely long exposures 
had preceded the injury. Tlie patliological cliangcs in the tissues 
were studied bv Inna, (iilchrist, Kicnbocck, Daricr, Jutassv, 
Kil)lK\ (Jassmann, Scliolz, Oudin, and the author. Tnna found a 
slight increase of the nuclei in the pajjiilary body as well as around 
the blood-vessels. At the same time there was mon' j)igment in 
the up])er layer of the cutis. 

Kibbe found dilatation of the blood-vessels and rich cellular 
proliferation. 

(iilchrist noticed abundant brown pigment in th<» mucous 
stratum, and dilated vessels in the corium, while the corneal struc- 
ture was thickened. 

Darier ol)served enlargement of the reticular cells, thickening 
of the epidermis and atrophy of the hair and its foUieles, and of 
the glands. 

Examination of burned tissue made bv the author (see The 
Pathology of the Tissue Change caused by the Rontgen Rays, etc. 
Transactions of the Medical Societv of the State of New York, 
January 28, 1002) showe<l a large amount of dense connective 
tissue and marked vascularity. The epithelial cells of the skin 
were diminished in size. The tunica intima of the small blood- 
vessi»ls was thickened, their calibre thus IxH'oming narrower. The 
muscularis and adventitia appeared to be affected in the same 
manner. The muscularis may thus become atrophic. All this 
points to a process of constriction of the vessels. Some of the 
areas show still greater degeneration, the tunicac of the small ves- 
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sels being converted into a colloid mass and the intima being 
entirely severed from the iiiuEculariii. 

In tlie case of Tultle, described above, endarteritiB wae ob- 
served, which had extended nearly four inches underneath the 
burned area. 

The hair extracted after prolonged irradiation is found to have 
lost its structure. It ends in a point instead of showing a root. 
Zehniann found that the 
bulb at the end of the root 
often showed slight swelling. 
The course of the Ront- 
{;cn-l({rht dermatitis is de- 
[tendent, of course, upon the 
intensity and extent of the 
irradiation, and upon the 
kind of affected tissues. The 
prognosis of the second and 
first degree is extremely 
favourable. The integu- 
niental area situated dl- 
rei'tly above the bone, as 
oil the skull, chin, thorax, 
spinal column, tibia, etc., 
is ifi|R'(-ially unfavourably 
localed. The necrotic form 
naturally represents the se- 
verest type. 

The more intensely the 
dcniialitis sets in, the more 
tile tissues are affected and 
the uLorc marked the scqnelie 
appear. The following cases observed by the author may serve as 
illustrations. The bullous form of Rontgen-ray dermatitis was 
observed in a man of ihirty-ciglit years, who iu the course of two 
years had to submit to five thoracoloniies for pyothorax. In view 
of the thickened pleura, which lined Ibo immense thoracic cavity, 
the author had resorted to pleurectoiny, and a few weeks later the 
KiJntgcn raj-6 were expected to give information as to the extent of 
the cavity as well as of the previous rib- resect ion. 

At first soft tubes were employed, the use of which gave but 
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little contrast. This phenomenon was erroneously explained by the 
reason that, in spite of the removal of a large pleural portion, still 
a considerable part of thickened pleura had remained, which 
might have veiled the image of the ribs. When resecting the ribs 
shortly after the last exposure the author found them to be of 
very soft consistency, which showed the absorption of calcareous 
matter on account of the long duration of the inflammatory proc- 
ess (inflammatory atrophy). After liaving repeated his unsatis- 
factory efforts seven times, harder tubes were resorted to in com- 
bination with a high current and longer exposure, which caused 
a bullous dermatitis. The incubation lasted ten days, the skin 
was light-red first and then dark-red. Later on a blister the size 
of a large hand formed, the contents of which consisted of serum. 
After the blister was removed an excoriated surface was exposed, 
which cicatrized under a xeroform dressing in three weeks. Fig. 
2()4 illustrates the pigmented integument and indicates the pres- 
ence of a telangiectatic area two years after healing of the derma- 
titis. The patient was of blond complexion. 

The same accident happened in a blond man of twenty-five 
years, who had suffered from traumatic lung abscess for three 
years. In trying to measure the various distances of the walls 
of the cavity five exposures were made. A soft tube was used. 
Thirteen days after the last exposure a blister of the size of the 
palm of the hand appeared on the anterior thoracic wall, opposite 
the opening of the cavitv. The contents of the blister consisted 
of serum of light yellowish colour. After the opening and re- 
moval of the blistered tissue a superficial non-suppurating excoria- 
tion remained, which cicatrized under the application of a 10-per- 
cent xeroform lanolin ointment. Fig. 2G2 shows the excoriated 
surface three days after the first symptoms of dermatitis had 
appeared. 

In both cases individuals were concerned the vitality of whose 
tissues had been lowered by exhaustive processes which had lasted 
for several years. In both instances suppurating cavities were 
irradiated which seemed to be apt to impart a resistance of the 
superimposed structures. A current of high intensity was em- 
ployed, and the expo*Jure was from five to six minutes each time. 

In a third case the long-continuwl influence of a plaster-of- 
Paris dressing in connection with axillary folliculitis was suflScient 
reason for the lowering of the vitality of the integument. If the 
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integument is in a stage of irritation on account of the presence 
of sykosis, favus, or similar skin affections the predisposition is 
naturally more marked. 

The treatment of the inflammation caused by the Rontgen light 
is virtually the same as tliat of ordinary burns. In simple derma- 
tosis (burn of the first degree) warm applications of Burow's solu- 
tion are most comfortable for the patient. For the bullous form 
(second degree) a lO-per-cent xeroform-gauze dressing, after the 
blisters are opened and removed, is indicated for the first few days. 
Later on a dressing of a 10-per-cent xeroform-lanolin ointment 
is recommended, which is changed daily, provided there is but 
scant secretion. The necrotic form (third degree) requires speedy 
removal of the mortified tissues, tlie after-treatment is conducted 
on the ordinary principles of wound treatment, xeroform or iodo- 
form gauze being used, the latter being preferred if there is much 
secretion. Torpid granu hi lions are stimulated by an 8-per-cent 
solution of cliloridc of zinc. Skin-grafting is often indicated in 
obstinate cases. In the clironic form moisture must be avoided. 
Temporary bathing in a normal salt-sohition, liowever, is recom- 
mended. 

The Method of Therapeutic Irradiation. — The effect of irradia- 
tion depends mainly ui>on tbc intensity of the Rontgen rays and the 
vacuum of the tube, the size of the induction coil, the strength of 
the primary current, the number of interruptions, the frequency 
and duration of the seajtccs, the distance of the tube, and last but 
not least, the individunlitv of the irradiated tissue are also factors 
well to be considered. As a rule, an induction coil which gives a 
spark-length of ten inches answers the ])ur])osc well, an amperage 
of three being suflicient on an average. A dosage of five to six 
amperes should be resorted to early in the treatment of malignant 
growths. As alluded to in the foregoing section, soft tubes exert a 
stronger influence upon the skin than the lianl ones. Irradiation 
with a hard tube may, however, be followed by intense integu- 
mental reaction, if it is used in connection with a very powerful 
induction coil. The number of interruptions also rcjiresents a con- 
tributing factor. It is assumed that the intensity is the greater 
the more frequent the interruptions are. Tubes provided with an 
attachment for regulating the vacuum are best fitted for thera- 
peutic purposes. The author employs the same kind of tubes 
which he found most useful for diagnosis. For static machines 
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the same principles hold good. Various efforts to ascertain and 
regulate the degree of penetration have been made. The radio- 
chromometer of Benoist and the ampoule a osmo-regulateur of 
Villard represent some of the efforts to solve this question. 

The principle of the apparatus of Holzknecht, called chromo- 
radiometer, is based upon the property of various salts to be more 
or less colourized by the influence of the rays. Such salts after 
being deeply colourized by the rays are made up in a scale, which 
also contains the same salts, not yet influenced by the rays. If the 
fresh salt, placed at the object to be irradiated, shows the same de- 
gree of colourization which its colourized companion has, sufficient 
influence is exerted, and further irradiation would better be 
stopped. Ingenious as the apparatus is, which is especially rec- 
ommended in the treatment of lupus, it has, in its present stage, 
only a very limited field of usefulness. For the experienced oper- 
ator the colourization of the tubal light indicates? the degree of the 
vacuum, yellow saturated colour pointing to a soft state, and a 
green aqueous light being characteristic for the hard. If the oper- 
ator uses the osteoscope (sec Fig. 12) he will fuul the bones black 
if a soft tube, and gray if a hard one is selected. 

As to the question of idiosyncrasy, reference is made to the 
foregoing chapter. From a strictly practical stand])oint the possi- 
bilitv of susceptibilitv deserves attention onlv as far as cosmetic 
considerations are concerned. In other words, we should make 
clear to ourselves first wliat the object of our therapeutic measures 
is. Little stress is laid upon this point in the many valuable pub- 
lications on this important subject. It is not customary to shoot 
at sparrows with cannon-balls. Why, if we treat a hairy surface 
on the face of a fair lady, for instance, resort to means as powerful 
as those we employ in carcinoma? And, on the other hand, if 
dermatitis occurs in the face of a fair lady, who simply wanted 
to be treated for hypertrichosis, the cure proves to be worse than 
the disease. In other words, when treatment for non-malignant 
disea.<ies is intended, careful tentative exposures should precede it. 
If, then, erythema should appear after one short exposure, thus 
]>roving the ])r(*s<^nee of susceptibility, further treatment must be 
taken up only under extraordinary circumstances, and after the 
patient has been fully informed of the risks. For such purposes 
a first exposure of five minutes is advised. A soft tube should be 
selected. After a week the same procedure, now lasting ten rain- 



378 THE RONTGEN RAYS 

utes, is to be repeated. If, after a third exposure, and two weeks 
after the first one, no reaction has shown up, the patient is appar- 
ently not susceptible. Then he may on an average be irradiated 
every second or third day, and at last daily, until reaction mani- 
fests itself. Each exposure may last from ten to fifteen minutes. 

During the tentative exposures the distance of the tubal wall 
from the skin sliould be four inches, later on it may be reduced to 
one inch. Tlie vicinity of tlic irradiated area must ha protected. 
This is done by a tliick sliicld of lead, wliich, if moulded properly, 
attaches itself to tlic area selected; if not, it must be fastened to 
it by a bandage. If tlie face is concerned, a sheet of lead, into 
which a hole is cut to corresjiond with the area to be irradiated, 
may be bent over it. During the intervals xeroform salve (1 to 10 
lanolin) should be employed. 

In treating malignant diseases, we should be governed by en- 
tirely ditrcrcnt principles. That it is absurd to protect the areas 
which demand the iniluence of a sort of destroying agent will 
be ex])laincd in the chapter on the treatment of malignant growths. 
The fact that the cases of Riintgen-ray dermatitis reported were 
invariably observed after long exposures, shows that the length of 
exposures is the most prominent causative factor. 

The question how many minutes we should expose our patient 
at each sconce, and how many times and in what intervals, in 
order to obtain the desired result, is not easilv answered. After 
irradiating a patient for a whole hour the reaction will be a great 
deal more intense than if the same dosage is given during a ten 
minutes' seance on six successive days. On an average the natural 
limit of each exposure should be fifteen minutes. It is much more 
tnniblesome to reach the desired result after exposing ten times 
fv^r ten minutes than once for an hour, but it is a great deal 
5iHfer. 

As to the distance of the tube, it appears to be natural that 
tNv* m\ir\T the tube, the greater the intensity of the light is, a factor 
>%^K-h must l>e considered in connection with the lengths of expo- 
vtu^it ii>t woU as with the intensity of the current and the height 
'i i'»e ^tikcuum. For comparison, it is \\(A\ to remember that the 
'u^*uudr v»f silver of the photographic ])late shows an intense reac- 
■ t%'u u i \.vrtain distance, while after increasing it to its double 
. \4*:;u 'hu orK'-t\mrth of that effect is shown. In most cases the 
i.\v,4iu%- sA \\\M tubal wall from the skin should be four inches. 
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As to the modification of this rule, see chapter on Malignant 
Growths. 

A most important factor is the character of the tissues irradi- 
ated. Different tissues react differently, as emphasized in the fore- 
going chapter. Different regions of the body show marked predi- 
lections, the hairy part of the skull, for instance, and those in- 
tegumental portions which are immediately situated above a bone, 
being especially inclined. The face, the dorsum of the hand, and 
the mucous membranes are also more sensitive. Children and 
weak individuals seem to react quicker and more intensely, espe- 
cially after exhaustive processes have lowered the vitality of the 
irradiated tissues, as, for instance, in the case of abscess forma- 
tion, described in the foregoing chapter. 

The same tissues, when undergoing tuberculosis, carcinoma- 
tous, or sarcomatous degeneration naturally react differently 
than they do in their normal state. Whether the colour of the 
hair, complexion, etc., furnish a predisposition, is still sub judice. 
Blond individuals seem to show a special susceptibility. All the 
author's cases were of light complexion. As described in the 
foregoing chapter, the first signs of reaction are of a subjective as 
well as of an objective nature. The subjective symptoms are those 
of burning and itching, especially at night. The feeling of ex- 
treme tension is also complained of by the patient as a most 
distressing scnsiition. In the beginning, however, these symptoms 
may be so slight that the patient may ignore them. It is neces- 
sary therefore to distinctly call his attention to this possible even- 
tualitv. 

The objective symptoms are integumental tumescence and 
change of pigmentation, effluvium capillorum and erythema. The 
tumescence is of a diffuse character, and if it makes its appearance 
in the face, the patients, especially ladies, enjoy it, on account of 
its favourable influence on the irregularities of the skin surface, 
and because it clears the complexion somewhat. 

According to Scholz and Behrend, histological investigation 
shows these symptoms to be produced by the infiltration of the 
integumental tissue by serous exudations which permeate the 
lymph-spaces situated between the elements of the stratum spino- 
Hum first, and dilates them. Sometimes the skin shows a light 
yellowish or brownish colour of a diffuse nature, which, as a rule, 
disappears shortly after irradiation is stopped. Sometimes early 
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decolourization of the hair is oliserved, especially of brown individ- 
uals. In the majority of cases, pigmentation as well as decolour- 
ization appears as a late symptom of superirradiation. 

Pigmentation is due to the hypersemic condition caused by the 
influence of the rays on the capillaries, diapedesis of blood-cor- 
puscles througli their walls is rendered possible then in a moder- 
ate extent. Extravasation of blood-plasma containing haemoglobin 
in the dissolved state, takes place at the same time. To this proc- 
ess the yellow tint of the hyperaemic skin is due. When the irradi- 
ated integument is c()V(»red with hair, effluvium capillorum may 
be observed at an early stage. At first the hair becomes loose only, 
80 that a gentle effort suffices to ])ull it out. This early symptom 
can be recognised only if the hair is not cut or shaved away during 
the ])eriod of treat nieiit. Erythema due to irradiation differs 
somewhat from the onlinarv tvpe. It resembles the form of erv- 
themn that is caused by sunburn. Its tints are light at first, turn- 
ing into a (lilTusc or spotted red-brown later on. 

A resume of the ])oinis and principles emphasized may be con- 
densed into the following rules: The tubal light emanating from 
the anticathcide of a soft tube strikes the centre of the area to be 
irradiated at a distance of the tubal wall from the skin of four 
inches first, later on it is gradually decreased to one inch. In 
malignant diseases the exposure nuiy last longer — that is, if the tis- 
sues do not react after an ex])osure of ten minutes, they may be 
prolonged to fifteen, and in obstinate cases may be intensified by 
the use of the author's diaphragm (eoin|)are Treatment of Ma- 
lignant Growths). The seances are repeated every second or third 
dav, and if no reaction shows, dailv, until the d(\^ired result is 
accomplished or reaction manifesis itself in the shajie of turges- 
cence or intumescence of the skin. Then irradiation must be 
stopped until the disa])pearanee of these symptoms. The patient's 
attention nuist be called to the fact that those signs as well as the 
sensation of itching, burning, <)r tension may oecur any time 
during treatment, so that he will be able to report at once to his 
physician. An induction coil giving a sj)ark length of 10 to 15 
inches, cither in conn(»ction with an accumulator or the street 
current, and a Wehnelt interrupter answers all therapeutic pur- 
poses. An amperage of 2 to 3 is used on an average for non- 
malignant affections. 



CHAPTER XIX 

SPE( 'I A L IN Die A TIONS 

The first motho(li(*al cxjKjrinionts in the treatment of hypertri- 
chosis were made by Freund and SchifT. Tlie produetion of an in- 
flammatory process in tlie integument, observed in their cases, sug- 
gested the use of the Rontgen rays in lupus. Soon afterward fa- 
vourable results were reported by Kuemmell, Albers-Sehoenbcrg, 
Ziemssen, llahn, Gocht, Maclntyre, Pratt, Oilman, and the author. 
While at the present time the ex j)eri mental stage has not been 
passed, yet sufficient evidence of the effect of the rays is accumu- 
lated now in hypertrichosis, sycosis, favus, blepharitis, alopecia, 
acne, psoriasis, eczema, prurigo, na?vus vasculosus, lupus, carci- 
noma, and sarcoma. Even in ITodgkin's disease, rheumatism, 
tuberculosis, and neuralgia favourable results are reported. 



HYPEHTRICHOSIS 

The general princii)les emphasized in s])ecial indications hold 
good in the treatment of hypertrichosis. If the chin or the cheeks 
are to he irradiated, the head must be thrown far back, non- 
affected areas of the face as well a? the chest are protected by a 
l(»ad mask. If only the ui>jK'r lip is to be treated, a lead mask 
covering the whole face is chosen and an opening corresponding to 
the lip is cut in it. The rays are directed vertically on the area. 
After th(» tentative ex])osures (si»e foregoing chapters) were not 
followed bv anv reaction, the diseased area is irradiated ten rain- 
utes on three-day intervals at a distance of four inches (110 volts, 
3 amperes). Reaction takes place after twelve to twenty days, the 
first signs Ix'ing light red or brownish decolourization of the skin 
and loosening of the hair. The patient feels a slight burning sen- 
sation. Further treatment is stopped now. During the next week 
the hairs fall out gradually. If left alone the hair is again 
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restored in five lo eight weeks. In order to prevent this a second 
course of irradiation is necessarv, which must begin four weeks 
after the signs of reaction have disappeared, this time only four to 
five srmicrs W'mjx nccc«sary, as a rule, to induce a lasting alopecia. 
In case of recurrence the same mode of treatment is repeated. 

In yonng iiersons reaction is more rapid and intense than in 
middle-a^ied pei>])le. If irradiation was continued after reaction 
was well niarkotl, telcanjriecliilic areas may remain (compare Vig. 
2(i4). T)isfi;:uralion (if fliis kind exchanged for hyjiertrichnsis is 
' patients, who generally belong to the 
liair on skin-flaps after transplantation 
n|)lelc union, so that the result of the 
o[MTation may be jeopar- 
dized. In an event of 
this kind depilation by 
the Riintgen light be'- 
cnmes one of the most 
important healing factors. 

SYKOSIS 

Where blisters and 
e.xeoriatitms are present 
a few exposures sutfice as 
n rule. .\s soon as the 
ed i.rea assumes 
tints ()f darker red fur- 
ther treiUmeiit Is to be 
!-us|H'udeil. The prinei- 
]iles of the teclinique are 
the same iis descrilx'd for 
(crlrichosis. 

rijr. -'r.:, illustrates 

a man of 

years. Fig. 

ure of ten minutes at 

1. The blisters were 




the 
II in foi 



thirty years who ha.l U-en treated ir 

2«G shows the remarkable effect of o 

a distance of fonr inches a week i 

dried up after ten days. Hie secretion and crust formation slopped, 

and the sensation of itching and ti'nsion di,«aj>poare<l n few hours 

after irradiation. 
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Aftor three to four wwkri a recurrem-i.' may Ix? oliscrvwi, in wliicli 
(.ase short irradiation iiiust be taken wp again. SometiineB, how- 
ever, the reaction is intense, new blisters forming, and the pain 
increasing. In an event 
of this kind irradiation 
must, of course, Ih' 
sto|»|K'd, and warm appli- 
cations of Biirow's solu- 
tion lie made. 

If sykosis localizes at 
tlic hair follicles only. 
small red nodules dc- 
vclopin- {follicniiiis 
Iwirlw). treatment is ln'st 
continued until the hair 
b e c o ni e .« lessened and 
falls out. Bycliminatinj; 
Ihe hair every possible 
ex<'itiiig factor is re- 
moved from cutis and 
papilliv. 

In order to control 
Ihe |)roccss of dcpilation. 
the advice must bi- ■/iwn 
to the patient to leave (he 
hair untouched, and cs|m'- 
IMfiaily nol to lie shaved. 

In tricliophytosis (sykosis parasilaria hyiiho{;enes) the 
good rrsulls may l)e obtained after only one sftince. 




FAVTTS 



Favus requires the most energetic treatment. Complete depila- 
lion of the skull is necessary to obtain the di-sirod effect. To this 
end the tul)e is placed above flic anterior portion of the sknll first, 
then above the lateral parts, and finally over the middle of the 
otciput. In order lo \io able to irradiate as large an area as pos- 
sible at the time, the distance should !» from eight to ten inches. 
The urancfs should take place daily, and their length should never 



3S4 THE KOXTGEX RAYS 

be less than ten minutes. Soft tubes are used. After two to three 
weeks the integument becomes red and the hair begins to fall out. 
The curative influence of the rays in favus does not seem to be of 
a bactericidal nature, since the vitality of the parasites found after 
depilation did not aj)pcar to l)o impaired. The elimination of 
the hair, which may be viewed as a kind of foreign body, permits 
of extensive removal of the parasites, which are sheltered by the 
roots as well as hv the outer follicular tissues. At the same time 
degeneration of the cellular elements, between which the parasites 
propagate, is induced. The stimulatory effect of nutrition may 
also be regarded an iin])ortant factor in the healing process. 



RLKPHARITIS 

SchifT and Freund reported that in ulceration and squamous 
inflammatory ])rocesses of the lid-margins four to nine weak ex- 
posures sufliced to separate the crusts. The excoriations became 
covered with normal skin tissue and the diffuse reddening dis- 
appeared. The ciliie did not fall out as a rule. The irradiation 
was done while the evelids were closed. 



ALOPEC'IA AREATA 

Kienboeck, Tlolzknecht, Freund, SchifT, and Ehrmann observed 
that after the slight quantity of hair present was removed by 
irradiating new Hair was gradually restored in much larger quanti- 
ties. The irradiation should W repeated every three days at a 
distance of six inches (two amperes), and must not last longer than 
six minutes. The result is hardly due to the bactericidal influence 
of the rays, but rather to the stimulating effect of weak Rontgen 
light. Tubes of medium hardness should Ix^ selected. During the 
intervals lO-pcr-cent xeroforin-lanolin is to be used. In young 
individuals the prognosis is favourable, especially if Wwro l)e only 
small areas. But in universal alopecia and in aged persons no posi- 
tive results could be reported yet. 
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ACXE VULCARIS AND KOSACEA 

In obstinate cases of acne irradiation mav be resorted to. Poki- 
tonoff and GauticT reported eiires in 17 eases of aene vulgaris 
and rosacea. The minces took ])lace daily at a distance of 7 
inches. They histed four minutes (4 amperes and 18 to 20 volts). 
After the sixth exfmsure the pustules and vascularization disap- 
peared. Simihar ol)servations were mad(» l)y Jutassy, llahn^ 
Schiif, and Freund. 

It seems that the effect is less due to the hactericidal properties 
of the rays than to their inhihiting influence on the secretion of 
the follicles. Freund believes lliat the dcsciuamation of the epi- 
dermis, following irradiation, is the most important healing factor. 



PSORIASIS 

AllK»rs-Schoenberg and Ilahn reported that the red plaques 
IxHame lightened u]) after four to five sfumces, and that at the 
same time scales could Im' pulled otT without the characteristic 
bleeding. DitTerent areas were exposed during one sitting. At 
first irradiation was kept up daily, after the third exposure every 
two, later evcrv third dav. Freund advised an ex])osure (»f ten 
to twelve minutes at a distance of T to 8 inches if the affection 
is of a diffuse nature, while small areas require only four minutes 
time at a distance of 4 to T) inches. Recurrence takes place fre- 
quently, therefore it is advisable* to take up slight irradiation four 
weeks after recovery for a short pc^riod. 



ECZEMA 



Orunmach. TIahn. Ziemssen, Jutas<y. and Schiff observed ceas- 
ing of the exudatirm in acute as well as in chronic eczema, after 
a few sfanrrs. The epidermis peeled off and the itching disap- 
ix'arcd. Irradiation, however, should, just as in ]>soriasis, Ih» re- 
sort(Ml to only in such ca«»s, where the well-tested old methods 
provc<l to be inefficient. The therapeutic technique is practically 

the same as in psoriasis. 
20 
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X/EVUS VASCin.OSUS (FLAMMEUS) 

Jutassy (Fortschrittc dor Rontgenstrahlcn, Band ii, Heft 5) 
reports a case of tliis congenital condition in which a perfect cure 
was obtained. Tlie telangiectatic area occupied the right half of 
tlie face of a young man. Tlie exposures lasted four and a half 
hours in all during six days. The healthy parts of the face were 
protected hy a lead mask. In spite of this most energetic treat- 
ment the reacti(m was only slight. At first hyperaeniia was noticed 
around the di>ease(l area. After two weeks the epidermis peeled 
off in small scales. Three weeks after the last exposure the naevus 
had become ])aler. A more severe inflammation was produced 
then. During eleven seances the tumorous area was exposed to 
intense light at a short distance for ten hours. Twelve days after 
the last sitting a severe dermatitis developed, apparently of the 
necrotic type, the healing of which took two months. Then the 
nsevus had disappeared. 

In elephantidsis and urticaria pigmentosa good results were 
observed bv Sorel and Toeroek. 



U^PT'S VTM.GARTS 

The fact that lujuis vulgaris is curable by the Rcintgen rays 
cannot be disputed any longer. To KiUMumel belongs the credit 
for advising the new therapy for this gravest and most obstinate 
skin aifection (Twenty->ixth Congn^ss of the (ierman Surgical So- 
ciety. 1S9T). Later on Schitf, Freund, Albers-Schoenberg, Xeis- 
ser, (iocht, and the author published favourable rt^sults. The ad- 
vice given by the author in regard to ulcerative processes — namely, 
to remove all broken-down tissu(» by the scissors or the sharp spoon, 
if it can be easily done, before irradiation is Ix'gun, also aj)plies 
to the treatment of lujnis. The final result is obtained more 
quickly and safely tiien. Whatever can be done better and more 
etiicient bv the scal|>el or the cauterv should not be left to the ravs. 
Thus slight operative interference, followed by irradiation, often 
represents a happy cond)ination. When no detritus is present, 
irradiation is started without resorting to any preliminary pro- 
cedures. 
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No tentative exposures are required. The sittings should not 
last longer than fifteen minutes at a distance of 4 inches for the 
first 6 seances, and then of 2 inches only. They may be repeated 
daily until reaction shows. The Rontgen light should be intense, 
a tube of medium hardness being best selected (4 amperes at 110 
volts). Mucous membranes are irradiated through Ferguson spec- 
ula, the interior of which is lined with lead. Into the nose a 
special speculum of this kind must be introduced. As soon as reac- 
tion is observed, the signs of which arc dark swelling of the luj)us 
area and reddening of the nodules, the treatment is temporarily 
stopped. If the mucous membrane is concerned, the first symptom 
of reaction consists in a marked increase of the secretion. As a 
rule the ulcerated portions cicatrize then, the scabs dry up and 
fall off, and the skin is peeling. The nodules shrink, the hyper- 
a?mia disappears, and whitish scar-tissue forms. Four weeks after 
apparent recovery slight irradiation must be taken up again for a 
short period in order to prevent recurrence. It is tlie neglect of this 
precaution which is nuiinly responsible for the speedy recurrence 
reported by various observers. During the intervals 10-per-cent 
xeroform-lanolin is applied to the diseased area. Before irradia- 
tion the ointment is carefully removed again. 

The process of healing seems to lx» induced l)y the degeneration 
of the cellular elements, es|x»cially of the giant and e|)ithelioid 
cells of the nodules, followed by inflammatory reaction and hyper- 
semia. That hypera^mia is a most important factor in the cure of 
tuberculosis was demonstrated bv Rokitanskv more than fiftv vears 
ago. It presents in fact the most unfavourable condition for the 
development of tul)erculosis. This dictum is corroborated by the 
observation that tuberculosis of the lungs rarely occurs if there 
are congestion processes in the thoracic organs (heart lesions, 
asthma, etc.). 

The favourable influence of artificial hypera^mia in tubercu- 
losis of joints was proved by Bier. On the other hand, clinical 
observation shows that anaemia offers the most favourable condi- 
tion for the development of tuberculosis, therefore it must be 
combated energetically. Those biologic considerations should not 
Ik? lost sight of when we try to understand the mode of healing. 
(Compare chapter on Physiological Effects of the Kontgen Rays 
al)ove. ) 

Lupous tissue, removed after irradiation, shows the homoge- 
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iUK>us <>pi1lu-)iuni )HTiiu-atfil bv vcrv siiitill <>|K>ning!> on microscop- 
it-al examination. TIic coriiim tissue ns well iis the eells of the con- 
neclive tissues fipjieiir to Ik.' sliriiikin};. Tlic piant cells an M'ell 
as tlie cpitliulioi<i colls jire of snuiller size and have lost their nor- 
nml shu]>(', m lluit llicy iilsii slioiv ji shrinkiii}; and Iion»tp.'neous 
nppfariun-e. This iin!i<-.iU's that o|iitheIiiiin, a part of the corium, 
and the Inpons noihile;; ;;ra(huilk iH-conie necrotic and dry up 
finally. 

Fifl. 'Hu illu-;li'alcs Ihc case of an Armenian of iliirly years who 
siiircvcil from Injjiis vnlj;;iris of nose and face sinci' eleven years, 
lie was always under medical care. Two years Iw^fore irradiation 
was iH'trnn, cxlirpalii>n of the nodules had Iwen undertaken. This 
was f<dlowed by frrciit teuijiorary relief, hut the lupous areas in 
iNith nostrils resisted the 
tlierajiy. which consisted 
mainly in the a|)plication 
-if caustics. At the time 
the lliintpen-ray treat- 
ment was hcfrun extensive 
rwurreiice had t a k en 
phue. Irradiation was 
started in a tentative 
itaiiner — that is. first an 
)suri' of ten minutes 
fiivcn at a distance 
1 inches (4 ain|H'res 
111 v(>lt>). Tlie sec- 
sillinj; lonk [dace a 
< iillcrwiird. and the 
1 af(cr auntlier week 

■uiiiim showing 



conations appeared, fhcrcfnn 
The <lermatitis healed in i 
tion of the intranasal nodnh 
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poareil wilh it. Irrailialioii vim taken u|> now in a more oiut- 
^ti(- niannor, (lie sitlinf^s taking ]ilaoo ilnily at a dir^tani-o of an 

iiith only ami lasting fiftoen niiniitcs. No protcition was iisd 

i'xw|.t that tin- cu's wiTo 

kept closi-d. After the 

ei^'hth irrailintioii itit<-iise 

clennatiti^ set in. Al the 

ilistant areas llie inllain- 

iiialroii was of llie seioml 

niul al tliu upper lip <>!' 

file lllinl -ietrrer. Tile 



faee 



^ helc 



II pv 



r.!. 



Ihat the rays cml-l r-ach 
the iittraiiasal ii->iliile>. 
rn.ler warm api.li..ali,.ris 
of Hurows s.iliitioii ihe 
rea.'lion <lisap|ieare<l in 
Ilim- weeks. [)iiriii^ the 
after -treatment salieyi- 
laiiotin { 1 |u'r eeiit ) was 
ernp|..ye<l. Four weeks af- 
ter the reaetinn liail s-^t in 
reeovery was pcrfeef. 'I'lie 



I lit rail 



Millies 




. -jes.— c*« 



tile result of i-icatrizaliun, tkitki) hv Fm. XT, Clh 

one of its elTci'ts k-inj; the *"""■■ 

iiarr()wiii-.'<.fthelcrt nos- 
tril. Till- ]ialieiit was irradiate-l apnii si\ times in the same man- 
ner in whiih he was treale.l at first. No reeiirrenee was olwrvwl. 
If a mask is nwil. ganze eovenil with five t !lil■k^le^s^.'s of tinfoil 
is In'sI selert.'il into wliieh a Ii.ile eorresjiomlj np wilh the part 
irru(tiale<l is <'iit. The mask is fasleiieil to the hea<l hy a hamlagc. 
A eonsideralile portion of the Iicallhy tissue niiist, liiiwever, always 
be left free. 

I.ri'lS KliYTlIKM.VTODKS 
Ilahn. SdiifT. SclioltK. .Intassy. W.ioils. Tayhir. ami Ihe author 
reported ihe most satisfaelory results. In most eases, huwpver, 
s|H'i'dy reeiirrcuec was 4)l»si'rvf<I, whit-h yieU!e<l only to repeated ex- 
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posures. Otherwise the mode of treatment ib the aame as in }upug 
vulgaris. The reaction causes hyperemia and swelling, followed 
by exudation and crust-formation. 

Fig. 2CD illustrates the case of a woman of twenty-four years 
who sufTen'il from lupus erytiieniatodes nasi et faciei since she was 
five years old. Tlic ftuiiil lesion had the appearance of a butterfly. 
Although being treated with causties and tlio Paquelin's cautery 
the disease was (lisscitiiiiated. The patient gave a history of tuber- 
culosis. A hrotluT iis well us a sister died from pulmonary tuber- 

culosis. She had three 

children, one of which 
was still-born, and an- 
other died from menin- 
gitis (tuberculous). The 
third is healthy. So 
tentative c.vposurea were 
given. Irradiation was 
triiMl every second day 
for ten minutes at a dis- 
tance of an Inch. A soft 
tulK' was selected. After 
the fifteenth exposure the 
infiltration began to dis- 
apjwar. After the twen- 
tictli exposure Hie crusts 
ciiiuc nIT and the nodules 
showed Ihv signs of 
-liWiiking. Aft.T the 
Iwi'iity-liiili exposure the 
THiiliiU's hill! disapjx'ared, 
llic skill appeared sniootli 
( Kijr. ''''<). For si.x 
lir-tivMtini'iil consisted in 




CAHCl.N'dMA 
The Irealnicnt of cxleriuil forms of larcinonui, including tlioe>e 
of breast, tongue, iitid i-crvix uteri, by the Riintgen rays has become 
a recogniswl method. In fact, all integumental types are accessible 
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to Rontgen-ray therapy. In the decp-pcatcd forms the strength of 
the rays decreases bo much that only a limited influence is exerted. 
There is, of course, a 
rcgresBivo metamorphosis 
olwcrved in tlio dwjXT tis- 
sues of the body, l>ul only 
under extrenn-ly favoura- 
ble cirriinistames a cure 
would Ih; cxjK'fted. That 
even carcinoma of the 
stomach, liver, or of the 
corpus uteri iiuiy W iulUi- 
ented .is not denied, Ijut 
such inllucnci' is not in- 
tense enonjih to pnnu- 
isc nmrc than a sH^lii 
amelioration. A> ijiiifl 
n i m i s .' Kxtraviigant 
promises will discre<lit tlic 
new and delicate Held 
of liontfrotherapy. In 
spite of the fact, how- 
ever, that inte;ru menial 
farcinou.a vields to Ihc 




Hi< 



c n I her 



F Lucca Eh ITU EM ITO DEB, 

r Kifi. am, ri-HED ur I«- 
(Compmra Fig. -JCg.) 



author would n^fiard It ex- 
tremely unwise lo leave to llie rays what can lie done uuicli (|uieker 
aiui more elTcctively with the scatpel — namely, extensive removal. 
But irradiation sliould bi.' considered in llie after-treatment as 
well as in inojieraldc cases. Even after a llionui^rh operation of 
carcinoma, cells are often left in the dec]KT strata which cannot 
bo reached by the nurgical knife. We must consider that in the 
majority of cases the rccurrenec of earcinonm is caused hy the epi- 
thelial ci'lls of the primarily affected area, and but rarely by those 
of the .secoiulary foci. Jjical recurrence, the most frequent form, 
is always prmluccd by the careinomatons cells which were left luick, 
at the operation, while the indirect type originates from neiphbour- 
injr tis.-iiic, which at the time of the ojicration appcarcil to be nor- 
mal, bul in fact rarried the embryonic elements of carcinomatous 
infection. 
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A carcinomatous portion, however, left at the time of operation 
must not necessarily always be the cause of further infection. The 
ii*,s mvdxvair'xx naiunv often attempts to secure a natural protection 
by surrounding the cancer alveoli with giant cells, which, as micro- 
scopical examination sliows, starts a regressive metamorphosis 
analogous to the well-known healing processes in tuberculosis. It 
is the abundance of the epithelial toxines which prepares the soil 
for the new invasion and further development of the carcinoma 
cells. This also ex])lains the rare occurrence of blood metastasis 
in carcinoma. If these cells eould not really be destroyed, but if 
only a regressive nietamor])h()sis was induced by the rays, a great 
advance in tlu* treatment of this horrible disease would be made. 
The ])i()n('er work in this direction was done in the United States, 
Gilnian, Williams, Pusey.Cirubhe. ^Morton, Allen, Johnson, Skinner, 
and the author having hec^i early advoeates of the new method in 
carcinoma. As a rule tlie induration disapj)eared after 15 to 30 
seances. Crusts disMppearcd and cicatrization of ulcerated areas 
began. In e])ithelionui {ulcus rodrns) the hard margins of the 
ulcerated area soften, the adjacent tissues becoming erythematous. 
Later on granulations ap])ear on the surface of the ulcus, which 
brings it on a level with the normal integument. Epidermization 
soon follows then. The subjective condition often improved after 
one exposure. In fact, one of the most striking signs of improve- 
ment was the prompt relief from pain. Truly, if the rays would 
do no more than to irive relief, where strong narcotics failed, they 
would be a blessing. Microsc (>])ical examination shows gradual 
destruction of {ho e[)ithelial cells. XucKmis and y)rotoplasm un- 
dergo lysis. In some cells fatty degcniM'ation is observed. At the 
same time there is a stimulatory effect on the connective-tissue 
elements. 

In the exj)osun's examined by the author, the irradiated areas 
showed colloid degeneration, the character of tiie tumorous t(\xture 
having disappeared. It scimus that this colloid change is character- 
istic for the mode* of cell-metamorj)hosis afliT irradiation. Fig. 
'271 shows the tumoui'ous ar<'a in adenocarcinoma of the breast 
before irradiation, while Fiir. -^*^ demonstrates the same area after 
slight n^action had set in. In the latter colloid degeneration is 
beginning. A res(Mnhlance to glandular structure is shown. In 
most parts the alveoli are completely filled with epithelial cells, so 
that in some places they appear like alveolar carcinoma. Som^ 
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nrctis liiivf ujnlLT;;inif (icfrcTKTiition, tlifir f[iitli('lial cpIIs not Inking 
on the staiit tlic sninc ii^ ntlicrs. Tho cells liiivc diniinistioil in kI/o. 
and till- (luficiiiTJilcil nmi. cxtcjil lln- nuclei, ii[>|H'ars coan^dy frran- 
iilar. Ciiaiifics oT tlu* sninc nature an- hImtvciI in llii> opilheltiini of 
thu fskin covering: tli<- tiniioiii- (alrt.> <lne to ihe tielion of tlic niyp). 
Ill sotiif ]>arts of tin' noTolic ari-a a lar^;!' amount of dense eoii- 
tieftive tissue ami niarke.l vaseularity nn- iiotired. 

In the treatment nt tlie skin diseases deserilx-d alicive. lenlativc 
cAjMisUR's, and ])ri)ti-iticm of tlie viciiiilv of tbe ailcited area were 




nchiseil. Tlic distiime of the tnU' wa> not less than I inelios in 
the l)e;rinnin^', tin- dnratiun ten iniruiles. ami the iniervals two to 
lliret'davs on an avrrajie. 

In trealin;: inalipiaiit diseases ht slmnld Ix' jroverned liy entire- 
ly .lilTeriTil |irineiples. The iinlhor lias eiii|)hasized reiK'aledly that 
ncitliiiitr ii|i|ieai> ninre alisurd than iirotinlinj; the area ivliieh de- 
mands the inlliieiiee of a sort of destroyiiif. afient. Sim-e Volkmaiin 
f<nii;d, nil niiero-i-o]iieal examination, that even in small and super- 
fieialiy l...aled earemomalons f,T"Wlhs of (he mammary filand, tlie 
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faecia was generally involved, lie was naturally led to the conclu- 
sion that removal of the tumour alone was an inaufiicient pro- 
cedure. The correctness of his investigations was corroborated by 
Heidenhain, who found carcinomatous cells in the superficial 
layer of the pectorali^ major niusele, even when the breast was 
only superficially involved. Frnni these observations we learned 
that, at least, the superficial layer of the pectoralis major muscle 
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shonld be dissi'cted iiway in all cases, wjicn the carcinottiatoue nod- 
ule was but of sniiill Azt: 

It did not take long for tlie conclusions of Volkmann and 
llcideniiain to bear ricJi Ir\iits. The surgeons wlio followed 
VolkmannV exaitiple hitc soon able ti> report cases which showed 
no signs of recurrence until after more than a year. Kuester, Senn. 
Halsted, Weir. Meyer, and the aiilhor Ofcdiciil Society of the 
County of Xcw York. XovcnilHT. IK!)-,') advised still uiori> radical 
steps, with more or less modificalion of tlie original method. 

The motto " Better too much than too little " must be adhered 
to in malignant disease, us emphasized in the author's previous 
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publications. It is better, therefore, to suffer from slight func- 
tional disturbances after sacrificing the whole pectoralis major and 
minor muscles than to attain a good functional result followed by 
speedy recurrence. 

Even if a limited area is involved only, as in the case illus- 
trated by Fig. 275, a most extensive removal is required. 

Now, if we are convinced of the fact that, even when there is 
only a small carcinomatous nodule in the mammary gland, the 
superficial layer of the pectoralis major muscle contains, or may 
contain, carcinoma cells, why restrict ourselves then, if we attempt 
to treat a nodule of this kind by the Rontgen rays? Is it not 
exactly the contrary of what we wish to achieve, if we tlion pre- 
vent distant carcinoma cells from being reached by covering the 
vicinity with some impermeable metal ? Wo want to reach all car- 
cinoma cells if we can, and the so-called sliiold does not sliiold the 
patient, but the carcinoma cells. Therefore, shields off in malig- 
nant disease ! If we have made up our mind to influence the carci- 
noma cells, we must employ sufficient energy to enforce this result. 

This does not imply, however, tliat the other extreme should 
be striven for. We must follow our tliora pontic stratog}' in a 
determined but carefully observant manner. The practical modus 
operandi is, therefore, about the following: 

The patient suffering from malignant disease is irradiated 
without first submitting to tentative exposures. The tnlx^ should 
be as near the tumorous area as possible, the distance of the tubal 
wall from the skin never exceeding 2 inches. 

This is done for the purpose of influencing the growth itself 
as powerfully as possible. After there is a slight erythematous 
reaction, within the immediate vicinity of the growth, the distance 
is increased for the following seance. Thus the rays reach a larger 
surface. In mammarv carcinoma, for instance, the area between 
the sternum and axilla must be fully exposed. When this wider 
field becomes erythematous also, the irradiation must be stopped 
for a few days until it shows signs of disappearance. It is not 
advisable to wait until the last little sign of dermatitis has van- 
ished, because much valuable time may be lost by waiting. Re- 
peated attacks of dermatitis may thus be endured. 

It seems to the author that the further the carcinomatous infil- 
tration has extended, the more resistance to dermatitis exists, and 
consequently the less reaction takes place, the cell -metamorphosis 
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lowering the irritability of the skin. This non-susceptibility, of 
course, varies with the different lypes of malignancy. It seems to 
be greatest in ihe fibrous variety of carcinoma. 

In severe cases and when there is little reaction the author's 
diaphragm may he us(m1 in order to concentrate the rays on the 
tumorous area. (Fig. 2^}.) 

If there be extensive ulceration, causing retention of pus, irra- 
diation should not be continued until the area is exposed fully, 
and any necrotic tissue removed by the scalpel or sharp spoon. 
If this is omitted, the j)ower of the rays is not only inhibited, but 
at the same time, toxainia from local dec(»mposition is added to 
cachexia, a very dangerous association, indeed. 

If the integument is concerned, soft tubes must Ix? employed, 
but deejjcr infiltration re(piires tul)es of medium hardness. It is 
obvious that for very deej)-seated growths hard tubes should be 
emjdoyed, in view of their greater ])enetrati(m j)ower. But the 
rays do not in their present capacity ])ossess so much force in the 
deeper tissues of the body as to iiuluce a complete regressive meta- 
morphosis. 

The author does not maintain that the production of dermatitis 
in the tieatment of malignant disease is desirable or a conditio 
sine qua non. But, with our present means, he regards powerful 
and long irracliation a nccessitv, and this, nnfortunatelv, entails 
the ]n*ovocation of the dermatitis. 

The author's ex])erience shows that wluMiever a derniatitis has 
appeared the size of the growth has diminisluMl, (edema and pain 
have decreased, and the general condition of the patient has im- 
proved. 

In spite of extensive dermatitis, which causes a most distressing 
burning and itching sensation, all patients suffering from malig- 
nant disease were anxious to undergo irradiation again as soon as 
])ossihle. If the niisfni (rHrc is thoroughlv explained to the pa- 
tients, they will certainly not make their physicians responsible for 
excessive burns. A patient aHlicted with carcinoma, especially 
if it is inoperable, has indeed nothing to lose, and can well 
afford the risk of hein<r hurnecl. Will he act like the bov who 
threw rotten eggs at th(» man who pulliMl him out of the water 
and saved him from drowning, because in doing so he had pulled 
out a lock of hair? And in anv case the ])livsician is a soldier and 
must do his duty unconcerned, whether he is aj)plauded or insulted. 
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Of course, tilt' iiurcly coeiiictJC staiidjioint is ciilirely <lif!ereiit. 
If dermatitis, us alliuled to above, occurs in the face of n fair lady, 
who simply wanted to lie treated for hypertrichosis, Ihc cure proves 
to be worse than tlie dii-ease. 

Ae a rule a shinre of ten minutes, reiwatcd every second or 
third day, Piillkes. Estonsive and dwijcr-souted growths should 
be irradiateil daily for the 
liame length of time, ;nid 
if no intense reaction ap- 
pears, for twenty minutes. 

As soon at- improve- 
ment is noted, the v\yn- 
cures sliDutd for a while be 
shorter and the intervals 
longer. Six weeks after 
recovery irradiation uuist 
be taken up again for a 
short period. The views 
ofVotkmannandlleiden- 
hain are strikiufrly illus- 
trated hv the observation 
of ihetwo following cases: 

Fig. ST:i illustrates a 
palicnl of ninety-one years 
of age who suffered froTn 
epilhelioiim of the eyelid 
for four years. lie was 
treated chemically, espe- 
cially with caustics. N'o 

alteiupt at excision was ever made. The imlient was greatly dis- 
tiirl«'d hy the exenicialing pain in and around ihe deep nicer. All 
elTorts to give relief pn>veil to l>e failun's until an attcuipl was 
made with the Hiinlgen rays. After the first exp.>surc, which 
lasted live minutes. Ihe pain was eonsiderahly lessened, and afler 
the sH-ond exposure. Iwo days thereafter, it disapjieared eiitin^ly. 
Xo protection was given, c.veept that the ))atieMt closed his eyes 
during the .irrtiiec. Sometimes the distance of the tubal wall from 
the skin was not more than half an inch. 

.Although, after the nineteenth exposure, slight erythema de- 
veloped, the seances were not stopped until, after the twenty-sec- 
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ond, painful dprmatitis nhowed over the face. Further irradia- 
tion was stopped then for two weeks, when all signe had disap- 
peared. The remainder of the ulcer was dusted with xeroform, 
which was also used in the intervals. After three more expoBures 
the epithelioma had fully eieatrized (Fig. 274). At the same 
time an epithelioma showed its first signs at the lower lip. It is at 
present being treated with 
Rontgen light. The eye 
is in no way affected. 

It must be assumed 
that while the macroscop- 
ical evidence of carci- 
noma was concentrated 
upon the eyelid, the cells 
must have been spread 
around the lymph-vessels 
of the whole face, thus, 
finally, establishing a 
focus in the lower lip. 

The case illustrated by 
Figs. 275 and 276 is 
analogous. It concerns a 
man of fifty years, whose 
epithelioma of the lower 
lip (Fig. 275) was cured, 
no signs of recurrence 
showing until eighteen 
month,= afterward. Then 
uuTioN. 1 small nodiiie appeared 

in the left submaxillary 
region, the removal of which was refused bv the obstinate 
patient. No treutincnt of any kind was suliniitled In unlii the 
tumour reached the size illustrated by Fig. 276. It extended 
then from the gcnio-liyo^rlossiiji imisclo up to the parotid gland. 
As could be ascertained by skiagrapliy, as well as by subsequent 
resection, the bone showed slight erosion at its lower anterior bor- 
der. The microscopical examination, made by Dr. R. H. Buxton, 
revealed the presence of a large number of cell nests in the epi- 
thelioma. An extensive operation consisting in the exsection of 
the left half of the mandible and removal of the parotid gland, the 
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temporal, the masBeter, and 
the eterno-cleido- mastoid mus- 
cles was done. Recovery was 
uninterrupted. 

Fig, 277 illustrates analo- 
gous conditions. The patient's 
breast was amputated by the 
author for fibrocarcinoma. 
Two years afterward a cnvfiuo- 
matouB growth appeared in thn 
inguinal region, while the area 
of mammary 'amputation re- 
mained normal. 

From the observations of 
the case illustrated by Fij:s. 
278 and 279 valuable informa- 
tion can be gained. At the 
time the patient was presented to 
ciety. May 15, 1002, she was fifty- 
suffer from carcinoma of the breast 
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iMmrOR MlIILLA AND ScBHA: 

ABt Tisavu. (Compur Fig. 'm ) 



the American Therapeutic So- 
nine years old. She began to 
ten years before. After having 
been operated upon ten times 
she enjoye<l fairly good health 
(Fig. 278). The result of the 
author's first operation, per- 
formed in February, 1894, was 
illustrated in the Clinical 
Recorder. October. 18!)6 (Fig. 
2Tft). 

She had not asked medical 
adviie until a year after the 
first signs had shown them- 
selves. There was an exten- 
sive carcinomatous area then 
of the left breast, the axillary 
glands also being involved. 
The e.xtensive destruction and 
the pain appealed to her at 
last. It is self-evident that 
under the circumstances the 
author had to perform a very 
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extensive operation, not only removing the poctorni is major mus- 
cle, together with the axillnrv Rland?, Init also exscc'tinj; s«) large an 
area of adjacent intefninient that a plastic operation bad to be 
undertaken (see Fig. 
^^^^^^HB^^^^H^I^^^^^I was por- 

^^^^^^^^^^^^^^^^^^1 months 

^^^^^^^^H^^^^^^^^^^^^l thi> 

^^^^^ ^^^^^^^^^^1 Then a 

^^T ^^^^^^^^^1 for 

^ ^^^^^^^H In Septem- 

'^^^^H ber. a hard nodule 

1^^^^^^^^ "^^h^^^H for the following 

iNnUINAL ReOI«>, two VEAHS AKTEIl He- ,\ , . ~ ion-. 

MOVAt. OF M*MM« **" '\"P"^' ~- 1^**'. 

there Wii^ 11 prtin at the 
site of Ihe past oiHTiitioii. No nrnrrciw,'. Miirdi 7. 18!^. recur- 
rence in jiostcrior iixilliirv liiif : extirpiition .\|>ril 11. I89!>: another 
refurrenic. the tumour slunvinj: iiliout -1 icntiiuefros in diameter; 

ichlliydl-Viiso^'en tTealim-nl. On .Inruiarv III, 1! tlie imni.ivalile 

tumour has frmwii to tlie si/c of 8 to !l itMitimclrcs in diameter. 
Dissection of axillarv nrlerv and lifiafinn of the a\il!arv vein. 
Microscnpicid (■xinniiiulion liv Prof. Ilimry .1. HnM.ks: ..arcinoma. 
with much lihnms tissue. Fcliruiiry 1 llh.'wimml |.crfcclly healed. 
Febnmry 14, l!)(ll, another nsurrcnce in axilla, tunmur being 
about the size of an egg. Fchmury I'Mli. <>|.enLtion. Oiseharged 
fnMu hospital enred March 8th, .Vuf^nsi ■,>1. H'Ol. auolhcr large 
node. ])ri)l(;ibly starting from ihc shnn)) of the pcilnralis major 
muscle, is removed. Priniarv union. October 31, ItlOl, anotlier 
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tirpaled. Then lliere was 
no disturbance until 



nodiilc appeared in the 
axilla, which was extir- 
pated hy T>r. F. Torek, to 
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operation is made in tlie pwtoral region, and two nodules removed 
in the axillnrv rcjiiori. Jaiiurtrv l^l, l!l()2. another refurrcnec in the 
axilla of the size of a filbert; also one tumour below the clavicle, 
of the (>ize of a walnut. A third neoplasm is observed in the left 
arm, in the former repion of the pectornlis major muscle, and 
alongside the biceps muscle. None of the recurrent tumours is 
movable. Medication: Thyreoid extract. In view of this enor- 
mous extent of the growths, the arm also being extremely aderaa- 
tous, a tenth operation seemed to' be inopportune, therefore the 
Riiutgon therapy was considered now. 

Still, it seemed to be more preferable to extirpate the tumour- 
ous portions, as far as it was possible, before resorting to irradia- 
tion. The author succeeded in removing the whole biceps muscle, 
and a part of the axillary 
region. 

The infraelaviculiir 
tumour could not be re- 
moved in its entirety. 
The patient left St. 
Mark's Hospital eleven 
days afterward. The 
general condition had re- 
markably improved after 
ten irradiations, each one 
lasting about thirty min- 
utes. The infiltration i>e- 
low the clavicle and along 
the triceps muscle, as well 
as the cedema. did not 
disappear until extensive 
dermatitis of the first de- 
gree had set in. 

In spite of its imper- 
fect reravorv, this case P'" aw -Cahc.nom* 

■' *TioN roH Ninth REctRKSncE. (Cam|mrc 

must be regarded a tri- Pig. ■J79) 

umph of surgery. Ten 

years have now elapsed since the first sign of eareinomn was ob- 
served, and nearly eight years since the first operation, which was 
performed under the most unfavourable circumstances, due to the 
patient's own procrastination. The patient still appears well. 
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The author <'xi>ctts no roc-nvcry, but U-lieves that under the Rout- 
gon troatrncut Iict condition wiil. at li'ast temporarily, improve 
further. 

Another case, also presented to the Therapeutic Society, may 
\k mentioned in view of a few interesting peculiarities. It was one 
of adenocarcinoma of the 
hreast, recurring throe 
months after the most skil- 
ful removal. 

Within another three 
months a large infiltrated 
mass, reaching from the 
sternum to the a.xilla, had 
formed. The supraclavic- 
ular region, the shoulder, 
and the whole upiier ex- 
tremity of that side were 
(edemntous to the utmost 
degree. Near the sternum a 
small ulcerating area was 
noticed. The patient suf- 
fered temporary pain of 
2reat intensity. The hus- 
hiind WHS toid then that 
there was hardly a possible 
i'liance even of improve- 
ment, but he urged the 
author to try irradiation 
nevertheless. The whole 
area was e\|iosed. first at 
interviils, ami then every 
day, for an average of 
twenty minutes. There were sixteen exposures altogether before 
tho presentation. After the fourteenth exposure the iniiltrated 
area liegan to shrink and the opdoma disappeared entirely. The 
recurring growth had reached the pleura, as was evident from the 
presence of pleuritic effusion, which van aspirated. A specimen 
taken from the irradiated area showed colloid degeneration, the 
adenoid character having disappeared. This seems to some extent 
to show the mode of cell -metamorphosis which the cells undergo 
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afler irradintioii. (Com- 
pare section on Pvsiolop- 

ical Effects.) 

The patient was at tlie 

time of presentation free 

from pain ami liiT api>e- 

titohad inc-reasfd. A few 

dajn later the suiwrficial 

layers around the uli*erat- 

injr area shffl themselves 

as scabs. 

Kven in Ihis dcsjieratc 

case the leniporarv influ- 

enc-e of the rays was well 

marked. The patient 

after a long [)erioil of 

euphoria succumbed to 

pleuropneumonia three months hiter. The iiullior's oliservntion 

suggests that irradiation should be begun as won as union is por- 
fecl after tlic removal of 
the neopiasru, and should be 
kept up for a imtichI of sev- 
eral wi-eks. 

Another ease, presented 
to the American Thora- 
jvutic Society, is that of 
nn unmarried lady of 
fi>rty-spvcn years who no- 
ticed a small nodule in her 
left breast in June. ISilfi, 
which caused wlight pain. 
In 0(-tol)er of the same 
year she consulted a re- 
puted clinician, who 
advise<l immediate nmputa- 
Fm. ••&). 'i" »"">"'>f. But she pro- 
RBcovtRina. crastinated until Decem- 

ber 21 , lSi)7, when she 

submitted to extensive operation. Recovery was speedy, and it was 

not until August. 18il8, when recurrence took place near the ster- 
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uuiii. Ill Ni'vuiiiIkt (>C Hip same year a second t'\lir|>iili(in wiiw siir- 
resstHlly ]>i-rfi>niH'il. AnotlitT rLi-uri't-nir Idiik ]ilaui' Murch. 1900, 
but no ojKTflfion wiie attpuipted tUcm, the treatincnt fonsiistiiig espe- 
cially ill Iwal ap|>lu'itt]uii tit HTitiscjiticti ami in the ailiiiinigtration 
of Fowler's solution. On March 17th ihe author eaw the patient 
for the first time. Then there was a Ijirjic hard innt-it of Hie me of 
a fist, covering the manubrium utemi and a hirgc ulcerated -area in 
the left mammary region (see Fig. 2H(t), ('ntiniderable ojilema 
was also present. After twenty-four irradiations, whii'h on the 
average lasted twenty minutes at each time, the large ma.as above 
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the sternum shrank nimost entirely and much of the ulcerations 
eicalrizcd. The (cdema disappeared completely (Fig. 2S1). 

After an interval of three months alight recurrence took place. 
Irradiation was done again for ten minutes each time. After the 
seventeenth sfance dermatitis set in. so that the trenlment was 
stopped. This case is still under nhservntion. 

Fig. 382 illustrates the ease of a woman of forty-five years who 
did not submit to operation until a year after the onset of the 
disease. Recurreneo took place four months after thorough re- 
moval. Partial extirpation was p(?rfnrmed again, and frequent 
irradiation was done until intense renetion took place. After the 
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reaction was over, the puticiit iniprovud eonsidLTubly. A second 
rcL-urronee look place six months iifter the partial extirpation, to 
which the patient succumbed. 

As to further statistics, reference is iiindo to the author's pre- 
vious publications. New York Medical Journal, May 24, 19(1^, Re- 
view of Reviews. August. 
I!l(l2,nn(i Medical iiccord, 
l-'ebruHry 14, llltl.1. 

.\s emphasized above, 
tlie Ui>ntf;en rays sbould 
not lie substituted for Ibc 
siirjrieal treatment of car- 
cinoma. It should not 
even be tried, because a 
carcinomatous area if 
often irradiated b-eiimes 
(Icgcncratwl. and when 
ojHTatlon is snhmitled to 
then union by first inten- 
tion is not ol)laine<l. K\- 
ccssive htemorrliajre may 
also occur in tbc meta- 
morphosed tissues. 

It >bould also he kcj.t 
in mind ibat partial o]i- 
cratiiuis. which in fonuor 
years were rcfrarded im- 
scicntific. are iiidii'atcd if 
tlie after-treatnumt is car- 
ried on by irradiHtioii. In 
(lec]>-s<'aled can'inoma an 
altcm|>t shmjtti he made 
to remove as much as |mis- 
sible <if the outer portion 
in order to enable ibc 

niys to pet better acctss to tlic .iceper-si>aleil strata. For tiiis end 
it is sometinies even advisable not to unite the wound niarfrins, hut 
(ii keep tbcin o|N'n and separated, so tbnt the rays do not nee<l to 
p.-iiciralc the overlying tissues first, Iml attack Ihe diseased area 
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Ordinarily prophylactic irradiation should be begun as soon 
aB union of thu wound is obtained, and continued until slight reac- 
tion shows itself. 

Fig. '-iM illuiitrjilcti the case of a woman of twenty-eight years, 
whi>se Kiiiiill iiianiniary lumour was thought to be an adenoma, 
wht'rcii[M)n cxiiriiation was iiorformc^l. Three months thereafter 
recurrence took place, but no surgical rteps were undertaken. 
When the author saw the 
ease, the tumour, which 
]>roved to be of a carcino- 
matous nature, had gone 
beyond the possibilities of 
surgieal twhnique. Irra- 
diation was tried there- 
fore, which improved the 
condition remarkably. At 
the present writing there 
is only a small cancer- 
ous area, and the general 
health of the patient is 
good. 

Fig. 284 illustrates an 
iiio]»erable carcinomatous 
tumour of the infracla- 
vi{'ular region in a woman 
iif seventy years. In cases 
rif this kind the Riintgen- 
niy Irealment must at 
li'it^t Ih' tried in a pallia- 
Uw sense. 

ritr. 'is^Ti hIhiws ear- 
eriiniiKi •>( the skull in a 
woman of si.\l>-ri,-lit years, which was extensively cxlirpated by the 
author. Uecurreuci' took jilace two years aflerward. 

In Fig. mi\ adennearcinnma developing after the removal of an 
old suppurating sebai'cous cysl is recognised. After thorough 
extirpation of the growth- irradiation was done prophylaotieally. 
No n^eurrencc was observed two years thereafter. 

The same observation was made in a man of forty-five years, 
whose large epithelioma of the lower lip (Fig. 387) was thor- 
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oughly removed a year after 
its onset, the patient having 
treated hinipelf by ointments. 
Irradiation was taken up at 
onee, recurrence having been 
observed. 

In the case of a lady of 
sixty - seven years. Bufferin;: 
from carcinoma of the vaginal 
introitus (Fig. 38S), the same 
good result was observed after 
the conibinwl treatment — viz.. 
extirpation followed by irra- 
diation. 

SARCOMA 



It was Ihe privilege of the 
author to show the first case pm. 3B.'>.-c*nci!ioMA or Skclu 

of sarcoma successfully treated 
by the Ri>ntgen method. In view of ijie good results obtained in 
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the Irejiti 
rajd a Ir 



H'lit of iJiR-ino 
nl ill surfoiiia. 




iji, it wiis obvious to lliiiik o( giving the 
The first i>atieiit, pri-WMitcd to the Uer- 
nian McKlii'til Soi-ii-ty of 
Nl'w York City on May 
C, I'JOl ( MueiidicntT 
KKtHt-inisflic Wothen- 
s-hrift, No. 3-^), suf- 
fenni from tneluiiotiar- 
cimui. Ik' was ji strongly 
luiill coojicr of thirty-six 
vfHrs. Hf roinfmbcred 
y Ihal for fiftoeii years he 
W 1) a <1 uWrvt'il a small 
' blaek spivk (niolc?) at 
the rt'gicm i)f luw extornal 
niailcohiM. Aliiml one 
year a^'o it assumed the 
Tua iii)i>eanince of a common 
verruca. A i-ontiiiuoiis 
inerease of sine was ol»- 
e " verrut-a " tx-ianie sensitive 
anil llie Mirlace Ix'pin to excoriale, Oarholic-acifl Imths were now 
prew.Tibed by flie patient himself, and faitlifiilly used, until, about 



v^' 



111 NoveiiilxT. li)()0, til 




Christniiis. the ;irowth had ivuched ihe size of an apple. It was 
not nntil then that ihc jMitient heeanio afraid and consulted his 
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family physician, who rtrerrctl him to the author's department at 

St. llarka IIos|iital. 

Ou IX-w-mber 24, 1!)00, the author fouiitl the followiug state 

prei-eut : The strongly built patient shows a healthy ap|>carnnce. 

He 11(1 111 its heinn a free 

ilriiikcr. The family histi>ry 
is ^ock]. At the regiim of 
his left e.vti'rual inulleoJus a 
tuiimiir of the size of an ap- 
]ile is iiotitvnhk- ( Fij:. ;>S!l). 
Its I'lmststence is modeniloly 
hiiril. its surface of a smoky 
gniy eolour. ami ll seems to 
have iirijtiiialed friiTii the 
eoulIiieiUT of small warts. It 
lannol Ik- .iisl.xige.l from its 
hiise. The inguinal region 
...niains a glaii.l of llie si/.e 
of a walmtl. 

Ai (irsl the diagnosis of 

lyiiLpliosiirionia was nunle. and ampuliitioii eonsjilereil luronlingly, 

hut llie patient lefnsed In submit to it. His family also being 

a.lverse lo suih a ra.lieal ste).. 

the author eonli'iited hiuisclf 

with extirpation of the tumour 

ami of Iheingnimil gland. The 

H|ipareMllv liealtliv |«Tiosteuni 

of li Mernal malk-olus was 

remove.l. l..gell.er witli tlie neo- 
plasm. Ifeeovery heing \HTU-.-i 

in a week the patient left the 

hospital. 

Mierosj'opieal e\auiiiialion of 

of pigment, whii-li provitl tliiit 
we hil.l to deal with melanosar- 
eonia. the most lUiilignant ty|»' 
ofsnr<-<uon (Fig.. ■;!)iiamt->iM). 

The patient returned to the hospital si\ weeks afterward. The 
sainc tumour showed at Ihe nnter malleolus again, but it was some- 
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what broader and flattened. Itg margin was encircled by a few 

bluish-black nodules, of the size of a pea, which could be compared 
tu haemorrhoidal nodulee. A 
glandular convolution of the 
size of a goose's egg had de- 
veloped in the inguinal region 
in the meantime. Extirpation 
was performed again. The pa- 
tient withdrew from treatment 
two weeks afterward, his ex- 
cuse being that ho felt por- 
feetly well again. Four weeks 
tliereafter he presented him- 
self again with a relapse. This 
time there were alx)ut thirty 
dark hlnish-black grape-like 
nodules of various size. The 

largest nodules hliti eauilv on touch. The inguinal region showed 

a tumour of the size of the head of a new-born child. On the 

inner surface of llu" leg. especially alongside the inner border-line 

of tbu calf, several dozens 

of nodules had originjited, 

which resembled tluise of the 

tumour itself ilosclv. Tlicir 

size varied iK'twccii tliat c.f 

the head of a ] 

a <'herrv, K: 

done once ruor 

scopical ('.\iiiJi 

removed porti 
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of 



Thr I 



Dr. 11. 



sho) 



!-dcvel()|i.-d 



cells. Tlici)iguicrilis<liielly 
seen in tlic form of streaks, 
but by liiglier iMagiii(i<'aiioi\ 
it can 1k> recognised as line 
granuti'S which arc coniiiincil 
in cells in the c.>?nicitivc- 
t issue framework of (he 
tumour. In some places they 




SPECIAL IXDICATIOXS 



411 



resemble a netting. Few cells in tlit' alveoli of the sarcoma cells 
are pigmented. But some portions of the section, especially the 
necrotic areas, show a great amount of pigment. One of tht' speci- 
mens was coloured with hsmutoxylin and cosine, and a second with 
Van Gieson'g fluid. 

The patient would now have subnutte<i to amputation, but con- 
sidering metastasis, the prouiiects of nuch operation at this' 
late stage would not have appcari-d |>romising. Serum treatment 
was now considered first. Although the author himself so far did 
not experience much benefit in 
a fairly large number of his 
malignant cases, he f^till tv- 
gards its use indicated in such 
desperate cases. But at the 
same time the thought of Itont- 
gotlierapy suggested itself. 

Without entertaining au- 
dacious hopes irradiation of 
the defect left after the last 
extirpation was begun. The 
time of exposure was at first 
ton, then twenty and thirty, 
with moderate light, and at 
last once even forty-five min- 
utes. \V h i 1 e the exposure 
lasted forty-five minutes the 
patient felt an Itching sensa- 
tion over the whole leg, which 
lasted for several hours after 
the sfance. Up to the time of 

presentation irradiation had ki-n done seven times. After six 
weeks there was not only no trace of relapse, but a nunilxT of the 
metastatic nodules of the calf, especially those near the area of 
irradiation disappeared, while others have shrunk ( Kig. -i^'-i). 

The inguinal tumour became larger during the time of this 
treatment. 

Three weeks after the demonslralion the defect at the 
outer aspect of the malleolus had cienlrized perfectly. After 
three months no recurrence had been observed. The inguinal 
tumour was removed on the day after the demonstration as in- 
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k'lnli'i]. nnil mnv tlie inguinal arcn was also iiratlifitfd fvery tw^e- 
onil iljiy fur Icn iiiimitL-e. Two weeks nfler tlii.' removal a tlcrtna- 



L 




tilis sL't in, wliicli iireventiKl further irradiation, Tlie patient euc- 
cumlKd suddenly lo nietastaBis of the lungs. The disease had 
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readied a Bt&{!,e in which final recovery could hardly be expected, 
and it is to Ik' regruUed thai the thought of the Ki)ntgotht'ra|iy 
did not suggest itBcIf to the author at an earlier etago, as treat- 
ment might then have effected a lo<-aI cure before metastasis could 
have taken place. But the course proved the efficiency of tlie rays, 
because the fact cannot be denied that, in great contrast to the 
former course, after the preceding extirpation no relapse was 
observed. The fact that we 1 1 -developed sarcomatous tissue shrank 
and cicalrizixi is also bevond 
doubt. 

Siniilr.r exix-rience was guincii 
in tlic case of a lady of forty-lwo 
years, who showed tlie signs of sar- 
coma of the orbit in the fall of 
lilOI. Knudealion of the cycbHl! 
had to be undertaken, but rocur- 
n'nce in the frontal bone to<ik 
place thn-p months thereafter, anil 
reached such an extent that it was 
regarded inniH>rabte. 

Aflcr having ascertained the 
extent of the growth by a skia- 
graph the author renioveil the dis- 
eased Imne iwrlions. Thrw wcfks Fm. sflC.— Gmoma. 
Ihereaftcr. when cicatriitalion had 

taken place, irradiation was Ix'gun three times a week, exp<ising ten 
minutes each time. Xo change during two months' treatment was 
oliservcd. Bui when irradiation was stopjM'd for three weeks, the 
signs of recurrence showed up again, the vicinity of the orbit pro- 
jecting far. \ow irradiation was resorted to every ilay at small dis- 
tance, low vacuum and high current Ix'ing chosen. After eleven 
exposures extensive dermatitis developed, which proved to l>c of 
ulcerative type, within the centre of the irradiated area. At the 
same time comjilete alo|H'cia at the diseased side set in (Fig. '2'Xi). 
The ]iatient suirered considerably for a week, then the symptoms 
gradually sutisided. The treatment consisted in the application of 
Rurow's soUiticm at first, and in the use of .veroform gauze later. 
Three weeks after the In-ginning of ihe vcbenu-nt dermatitis all 
signs of the sjircomatfms infiltration had disappeared. es|iecially 
the projection, and the general condition of the patient improved 
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ruiiiHrkablj*. Tliero is, in fact, no abnormalily noted sil prfwnl, 
This stnte of euphoria lias continued up to tlit' present time. 

Fig. 2i>-i sbowB Ihe normal condition of the patient a year 
afterward. The skiagraph indicates the removed bone portions 
(Kig. 2Si5). Alo]K^'ia is 
still weli marked (Dem- 
onstrated to the Surgical 
Section of the New York 
Academy of Medicine, 
March meeting, 1903). 
Whether it will continne 
indefinitely is at least 
doubtful ; nevertheless, the 
entire disappearance of 
the recurrent growth is 
to lie regarded as a most 
important fact. (At the 
present WTiting the \>a- 
lient slil! enjoys perfect 
health.) 

Fig, 29(1 represents a 
counterpart to this case. 
It illustrates a glioma, 
wliich necessitated enucle- 
ation of the eyebtill in a 
girl of two years. Even 
in this desperate case 
great temporary improvement at a late stage was observed. 

Fig. 2i>7 illustrates osteosarcoma of the skull in a man of 
eixty-six years. A skiagraph obtained then showed arrosion of 
the frontal bone. Extensive extirpation was performed by the 
author at St. Mark's Hospital. Microscopical examination proved 
it to be a round-cell sarcoma of the ordinary type (Fig- 2'Jt»). 
After removal there was an immense defect which was filled by 
flaps taken from the vicinity. The process of cicatrization occu- 
pied two months. Then irradiation was done for a month at inter- 
vals of three days. The patient did very well for two years. Then 
a small nodule sliowcd in one of the scars which had formed by 
cicatrization. After a few weeks a second one formed (Fig. 39!)), 
It was only then that the patient presented himself again to the 
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author. Irradiation was taken up at onfc, the intervals being 
short and the exposures long. After three weeks intense reaction 
set in, blisters forming within the area of eicatrizalion. At first 
warm Burow's solution was applied, a few daye later xeroform 
gauze was used. Two weeks after the reaction had set in, the two 
'large nodules had completely disappeared {Vip. .100), Four days 
after the onset of the dermatitis a piece was e.xsectod from one of 
the irradiated nodules. 

According to the laboratory report made by the courtesy of Dr. 
Henry Kreuder, this specimen showed the following changes: An 
abundance of fibrous connective tissue, which apjioars very dense 
and wavy, showing exceptionally few nuclei and being almost struc- 
tureless. On first sight the sarcoma cells are scattered through- 
out this new connective tissue, and only in some places small 




Fio. 'JUg.— RocND Cell Sibcoma. 

areas of sarcoma cells can be encountered. Fig. 301 shows dense 
connective tissue with sarcoma colls scattered through it, also an 
area of myxomatous tissue changing into dense connective tissue. 

Tl)on closer study one notices that on the surface of the 
tumour (epithelium wanting, Fig. 1102) a very marked necrosis 




fTuLiiir .in, wliu-h >]•»•!> nut tiikc 
iiIj^o in llie ne»'ly forniol dense 
tind inflaniinatioti uro proljubly 
line rcPtilt of the irraOiation, 
wliifh is so powerful as to 
cause R cninpk-te iHtsiiitegra- 
tion of the suporfiiial tiRiiue. 
The deeper parts of the 
specimen (Kig. 303) do not 
show any areas ot necrosis, 
but the fortniitioii of a ureal 
di-al (if myxomatous tissue 
everywhere in the proHtii, 
and this sei'iiis to he the 
origin of the dense fibrous 
conntTlivc tissue wbieh is so 
abundant tliroUfjiiout the 
specimen. V'lg. 'M)\ shows 
tilts ipiite distinct. Besides 
the changes atmve one notices 
that ll;e walls of the siunll 
blood-vessels have bettimc 
thickened on account of the 



formation ol 
sue in the 

walls are no 



rtive tis- 
m a and 



and cml)edded io 



nd ensin and 



media. The change in Ibc 
photographs. 

The sjieciineiiB were pre[.Kired by being tixei 
Miiller's fluid and formalin, hardened in alcohol, 
clove-oil celloidin. 

The staining was done with aluni-ha;mato\y 
picric-acid fuehsin and thionin. 

Figs. 304-314 show various kinds of sarcoma treated after the 
same principles, all of ibeni Icing operated. In nmi-t of them 
recurrpnce took place. 

Fig. 304 shows round-celled sarcoma, originating irotii the 
superior mn.xilla. in n child of six months. Moderate irradiation 
of the operated area (I''ig. 30.)) was begun a week after operation, 
lii'currence took place two months after extirpation. The patient 
died from metastasis. 
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Fig. 306 illustrates osieosarcoma »f Biipt-rior niaxillii (spiiidU'- 
cclled) in a man of thirty-six year^. Jlodorafo irradiation was 
bogun three weeks after operation. Reonrronce took place nine 
months after llie operation. Tho patient tlictl from metastasin. 

Fig. 307 shows a spindle-celled osteosarc-omu, originating; from 
tho inferior nia.xilla, in a woman of sixty-two years. Moderate 
irradiation was begun two weeks after operation. Recurrenoe took 
place four months afterward, death lieing duo to the on>sion of the 
external carotid artery. 

Figs. SOS-Hl.f illustrate cases in which no recurrence lias taken 
place np to the present time, in all of tliem powerful irradia- 
tion having been employed. In all cases intense reaetton took 
place. 

Fig. 308 shows the round-celled sarcoma of a man of seventy 
j-ears, which originated from tho pcriosleuni of the slernum and 
the seennd riii. .\ large de- 
fect remaine<l after extirpa- 
tion, which wa'i partially 
covered hy a ]dastic njtera- 
tion. 

Fig. 300 
sjnndle- celled 
in the manuna of 
of twenty-three vi 
tensive removal was under- 
taken. 

Fig. .tlO shows nnind- 
celled sarcoma in the groin of 
a man of forty years. The 
opi'ratiiin was done in the 
same way us in the case illus- 
trated hy Fig. 3«!l. 

Fig. 311 indicates round- 
celled jioriosteal sarcoma. 
originating from the eondy- 
his feiiioris extcrnus, in a 
man of thirty-throe years. 
Amputation Ix-iug refused, 
extirpation was undertaken, 
after 0}>eration. 



ustrates the 
filirosiireoma 
Oman 
Kx- 
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KkULI.. TRBATEU BT lKfltl>l> 

(Compoe Pig« -"ST »nd '-SfA) 
Irradiation was Ix-gim seven 
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Fig. .113 sliiiu's a C.1M' of tlu' saiiic nature in a niiin o[ sixty-four 
yeiirs. 

Fig. 31.1 il lust nit <'s a round-eel led sarcoma in the leg of a 
woman of fifty yp;ir-;. 

Even in tlie Joplorablo easo of a man of twenty-eipht voars, 
illiistrateil liy Fig. .114, temporary improvement wii!! oliliiined, the 
extensive uKlema disappearinfr as soon as llie uleerated area eica- 
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Iriiied. Tiie patient had previously subiuiiied lo extirpation, and 
sni-ciindx'd four months afterward to the reeiirrenee. 

The statements of the author were eorrnliorated hilor by the 
oliservalion of Williams, l*usey, Ooley, Morton. Allen, Skinner, and 
others. Kven in deep-seated tunioun an inhihiliiry action eould he 
notiied. 

The sujM'rficiaHy located frrowtlis. of eourse. yield most readily 
to the lEiinlgen-ray therapy. N'ext to it tumours primary in the 
lynipli-jrlands may be considered. 

The oliservalions of William I'. Coley (Medical Record, March 
21, ]!H)3). to whom scienre i'^ greatly indebted for hi.f indefatiga- 
ble investigations in this imjxirtunt field, arc noteworthy. He 
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l.v Skiiim-r, v 
or llu' 1' 



treatc<I 24 cases o( the vnri- 
OU8 types of sarcoma, among 
thcni were 17 round-ceiled, 
3 spindle-celled, and 1 me- 
knolic roun<l-ceIle<l. 

In 4 (he variety was 
doubtful. Of the 3 ca"sos of 
spindle-cell wl sarcoma, one, 
recurrent carcoina of the su- 
perior maxilla, showed no 
improvement. A recurrent 
sarcoma of the chest wall, ag 
well as a spindle-celled sar- 
coma of the chest, was still 
under trentnicnt. with slight 
improvement, .\nothcr case, 
formerly under Oolcy's care. 
a spindlc-eelled sarcoma of 
the alHlominal wall and pel- 
vis. Hie size of an eight 
months' pregnant uterus, was 
treated for seven months 
ith general improvement, hut slight local diminution, 
elktl sarcoma, all innpernhle, four 




ses of I 



■ari'd 



ntirc'lv. 



vet 



ray applicjilii 



til 



I iX'currence has 
less than a year, 
uses the Houtgcn- 
: Were made four 
continued 



and 



I jK^r 



nd of i 



mths. 



lUlld-l 



,nieil 
both 



Among tliese v 
extensive recurrent 
sarcoma nf tlie neck, 
sides, superior and infiachivic- 
ular, pectoral, and a.xillary re- 
gions on one side and mciiias- 
tinal glands. (The early his- 
tory of this case is given in 
full in the Transactions of the 
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iial Assoi-iiiti.m, \m->.) Tlic imtipnt. agwl fortv- 
fonfiiu'il t" Ik'iI ami in siidi a ho[>eIess i-oiuli- 
ras not CJipecUid to live more than two months. 
Tile toxine troatinent had hccn 
iiscil and ahandonikl. On Feb- 
niarv 10th Coley bopm tlie 
Uoiil{ron-ray trcatnicnl purely 
as' an cviMTinient. Tlic im- 
[irovi'niont was more strikinj.' 
iinil rajiid than in any oiIht 
case tliat lie had observed. 
Tlic liiinoiirs steadily difyip- 
(leareil, and by July 1 there 
remained only a small nodule 
the wiKC of an almond anterior 
to the slcrnomiistoid nrnwle. 

Frn 310— .siHiovA nr <iuoiN in a Mis "^'''^ '"' '^"'o^*''! nnder ether 

OF FoKTv \eaiis. [)u TeU' for pathologieal study, 

and the c.vaminalion by Dr. 

lleorfrc KififTs conlinncd ihe orijiiiial diiipiosis. The jiatient had 

n'traineil lier normal ctreiifrth. and went to the (-(Hmtry for the sura- 

irier. She retiirni'd on So|iteTnlier 24th with a local recurrence the 

i-izo of an Kii<rlish waliuii in front of the ear in the lower portion 

of the paroii.l. Knth jiroii 

were tilled uith niullipU' li 

niours. varyinfT in si/e froi 

a heuV i'i:'^ lo a \)\<v-'<» 

efifT. In addilinn, iIhtc w. 

sntootli. -lolndar. fairly muv* 

the iisicndioj;' i-olim or i 
uim-nlery. There was ,m- *-'- '"'-':^:;i'':^^7''' °' ^^ 
doubled eouslrictioii .,f lii.wrl 

at this point. Her .■nmlili.m a^■llirl seemed hopeless, but Coley 
resumed the ]{(.nlfjen-ray treat nu'iit, and in lhrc<.' ivwks the 
noduU' in the ]>arolid vejiion had entirely disap|)eare<i. At 
present the frroin luiuours have entirely disjipiwared, ami the 
tumour in the aljdomen has decreased about one-half. Janu- 
ary ]'.), VJO'S, the abdominal tumour is steadily decreasing, and 
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with iiiojiiTiililc siin 
aflcT the .iisjii'iii-iiriii 
troatniont. Of ilu'sc, 
111 ..IjMTvitifr lilt' 
pi'ii riiy ii]i"ii :{ 



till' patient's goiit'nil lu'atlh is 
gooil. 

Colcy'it cxiHTiVncc sliowcd tliat 
in wvcral casoB of iiiii|>crable 
round-i-clktl siirfoma in wliifh his 
(oxiiH'-lroatiiU'nt had Ix^en tried 
and fiiiled, tlie Riintjron-ravc-ausod 
entire disa|)iiennui(e of the tii- 
nioiirs. Yet all of tliewo eases are 
i>f recent date, anil in all there 
has liceii a spee<ly reeiirrence. 

In a larjrer numlier of lii^ 
eases of in<.|.<TaMe snreoiua. the 
tTriiiciiirs diwi[i|K'ared entirely iiii- 
,kT the to.\iiies, and remained well 
from three to ten yciirs after ti-eat- 
nieiit. In all he had '^0 i.atieiits 
■ma remain well from two to ten years 
■e nf till' tiinimir nnder llie iin.\ed to.\inc' 
1') patients were well from five to ten years. 
ITeet of tiie Itiint 
: of sinn.lle-eelh'. 



lid to he exeivdin^ilv 
s!ij;lit. Yet just ii. this elass of <'ases- 
the spiiidle-eelled— the resnll of the tox- 
iiie trealii:nit has Iktii hy far the most 
siitisfaetorv. nearly -■.(! jht c'lit of the 
eases of inoperah'le, spin die-eel led sar- 
<-oiiia liaviiifr disHp|ieared under the 
Irealnient in his own e\|«Tienee. In the 
roil iid-eel led Variety, however, n p o n 
Whieh the inliiienee of the loxines is 
mneh h'ss pmiKmiued. the immediate 
restdts from the Uilnlfien-ray treatment 
seem to have lii'en lii'st. In a very 
larjie iiioperahle roil lid -eel led sjireoma 
two-thirds of the frrowih had disap- 
pean-d under the to^ine Ireatmenf, and 
a1 lliis jmiiit llie I{iint;;cn-rav was nst'<l in 
udilition to the toxines with Ihc result 
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gen-ray or tlit- loxincw. in will 
not quite. suHicii'Lt to ilietk tli 

iible to sujijiose that the (.■mn- 
biucd action of the lloiitgi-'ii- 
ra>s and toxineb might be suf- 
ficient not onU to L-hi'fk liiL- 
growth, but to cause it to <lis- 
apjHur 

The pnnci]iU's art well iis 
the technique of this trenlnivnt 
are the sanic as describeil fur 
carcinoma (i«e foregoin;; 
sections). Just as in eartiii"- 
nia, irradiation should not Ik' 
substituted for o|K;ralivc Ircitl- 
nient in ojierable tunntMi-, 
and jirophylactic irradiali.m 
should k.' U'gun as soon ;i- 
union of the wound isohtniiivl. 
It must also be continued un- 
til flight reac-tion shows iiwU. 



that the entire luniour disap- 
|]eared three months later. 

L'olev eoneludes. there- 
fore, that in decjj-seated and 
inaccessible growths the re- 
sults from the toxines will 
probably prove better than 
from the Rontgen-rays. 

The author agrees with 
I'oley that there is no objec- 
tion ill u.sing both methods 
iif treatment at the same 
lime, and that there is reason 

^ to lielieve that the combined 
treatment will give better re- 
sults than either used alone. 
There are a larger number of 

Eu. cases of inojierable sarcoma 
treateil either with the Rout- 

eh inhibitory action is almost, bat 

e growth, and it siecnis but reason- 
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But in inoperable growtlis, like the case of a boy of eighteen 
years, illustrated by Fig. 315, the Hontgen rays are the therapy par 
excellence. The large extent of the round-celled sarconiatosis is 
indicated by skiagraphic examination. 



HODGKIN'S DISEASE (PSEUDOLEUKEMIA) 

Hodgkin's disease bears a strong resemblance to sarcoma. Of 
the aetiology and essential pathology of this obscure affection very 
little is known yet. Its characteristics are an enlargement of the 
lymphatic glands, lymphatic tissues forming in internal organs 
like the lungs, the liver, kidneys, spleen, and intestines. As a rule 
the swelling l>egins in the glands of the neck, one side of which 
is soon filled up by a mass of glands. Probably the nature of 
Hodgkin's disease is infection, the specific effect of the alleged 
bacterium being caused by its predilection for lymphoid tissues. 
No permanent therapeutic results have Ix^cn obtained so far, ex- 
tirpation as well as administration of arsenic, bone-marrow, and 
toxine treatment having given only temporary benefit. 

Irradiation tried recently has given nmch more satisfactory 
results. N. Scnn (New York Medical Journal, April 18, 1903) 
reported two cases, in which a perfect cure was effected. One of 
the cases was that of a farmer of fortv-fivc vcars whose ijlandular 
affections dated back a vear. It had conimenced in the cervical 
region almost simultaneously on both sides, and involved very ex- 
tensively the glands of these localities as well as the axillary and 
inguinal region. As Senn stated, there w^as a macular eruption of 
the skin all over the chest, back, and abdomen. The increased 
respiratory movements and dulness over the anterior mediastinum 
indicated the extension of the disease to the bronchial and medias- 
tinal glands. Spleen considerably enlarged. Liver dulness 
slightly increased. No tenderness over the junction of the gladi- 
olus with the ensiform cartilage of the sternum or epiphyses of the 
long bones. He was anjemic, but not emaciated. The blood ex- 
amination showed anaemia, but no abnormal blood-cells. At the 
examination, made at 11 a.m., the pulse was 78, respiration 22, 
and temperature 00° F. Senn prescribed arsenic and iron, and, 
in view of the heretofore hopelessness in such case, advised in 
addition the use of the Rontgen ray. The Rontgen therapy was 
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rcferrt-d lo Dr. W. F. Butleriminn, in diiirge of this dopartmcnt 
at tlio St. Joscpii's Huspiliil. As iliis was the first ease of i)soui.lo- 
loii('ii?min in the institution to lie wuhjccti'd to the KtiiUfii'n-ray 

trcatmeiit. Dr. Biitleriuann took the jirccaiition to inform the i>a- 
fiont thai in all i>nibi!l)ilil_v the treatment would retiult in more or 
less severe l.unis. owiii^' to the l;icl thai jrhnuls in Hie ehest woul.l 
make it neees^arv to reiiorl lo sornewliat vigorous use of the rays. 
Patient reeelved ;M trealiYients as follows; Ilight side of neek one 
minute, left side "f neck one minute, neek from k'fore haekward 
one minute, eiicli iixilia one minute, neck from behind forward one 
minute, each groin one uiinnte. spleen one minute. Daily sitting 
for the first ten d.iys; lilt volts f* am[K'reB were use<i oaeh day; 
distance of tulie from >iirfn<e 1"^ inelies, a medium viieuum tnho 
being used. The treatuieut was eommcnced on Mardi i'.i, 11)02. 
On April Tlii, afler Icn Irealineuts had liecn given, the glands 
had undergone a nutieealile reduelion in Hze. At this time the 
patient made eoin])laint of an intense itching all over the chest 
and a uniform redness made its appearanee over the ehest 
and axillary regions. The voltage and amperage were reduced 
to -J2 and (1 respectively. After the next six treatments (he volt- 
age was again reduced to 38, amperage remaining the same. April 
15th: The itching l>ecame so severe that it kejit the patient awake 
all night. Tlic skin of the chest Idistered. The skin of the neek. 
naturally very dark, turned dark brown. .\ .'i-]ier-i'ent Imrie-acid- 
vascline ointnieut, niiplictl twice a day, relieved the iti-bing. 

Front April Kith to ■^:!d the exposures were liiuiled lo the neek, 
back, and groins, as the ■ hot and a\i!l;e were ilie seat of ijujte an 
e.\iensive burn. April 5tth: All of the glaiuis subjected to the 
Kontgen-vay trealnicnl have nearly disappcure.l. Tiic (:*<■<■ and 
part of seal)) cximscil io action of the I'oulgen-ray arc ilevoid of 
hair. Axillary and i>ubie hair ha- also dis\ppcan-<i. Skin of neck 
dark brown and blisteivd. The skin of ibc i-hesl frnm the neck 
down to about i inches below tlie ni|.|iles exfoliated iu several 
places. The nipple- were very sore. diM-biirging pus. The treat nienl 
was suspended, and the ]iaii<>ul di-^charg.'d frmn the hospital with 
instructions to continue the use c.f the salve and internal mcilicine. 
Two weeks later he returned In the liDSjiiliil for more medicine, 
and expn'ssed himself as feeling weli. His a)i]>etite was good, and 
he was able to attend to his dnties. Xo enlarged gland.- cmdd bo 
discovered. No elevation of temperature. Breathing much im- 
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proved. The dermatitis had improved. He returned a second time 
on August 1st, as he had recently noticed a slight enlargement 
of the cervical and axillary glands. He is feeling well, and is able 
to attend to all of his business. Dermatitis has disappeared. Re- 
turn of hair growth. Patient received daily ten treatments, 28 
volts G amperes ; each group of glands was exposed for two min- 
utes at a distance of 12 inches; tube the same as before. The 
glands disappeared promptly. No return has taken place since, 
the patient being in perfect h(»alth, with the exception of a joint 
affection, which has no connection whatever with the pseudoleu- 
camiic process. 

Senn maintains that there could be but verv little doubt that 
the constitutional disturbances which followed the prolonged use 
of the Kont<ren-rav in his second case, and which set in simul- 
taneously with the ])rogrcssivc diminution in the size of the ghinds, 
were due to a toxa^nia caused by tlu' absor])tion of the products of 
degeneration of the pseu(b>icU(;vmic ]>ro(luct. This toxic condition 
uncjuestionably was likewise the cause of the increased enlarge- 
ment of the spleen noted after the second scries of applications. 
This patient has Uvn heard from very recently, and it is be- 
lieved that there are no indications of tie return of the disease, 
and he is considered in ])erfect health. 

The emip.cnt >uccess attained in these two cases bv the use of 
the Kontgen ray can leave no further doubt of the powerful influ- 
eiue of the liiintgen therapy in the treatment of Jlodgkin's disease. 
Williams also reported 3 cases, which improved greatly under irra- 
diation, only recently. 



iniErMATISM 



Sokolow (Wratsch, 1S!)T, No. 4(>) reported 4 cases of acute 
rheumatism in children with astonishing results. The patients, 
after being protected with woollen clothes, were irradiated for ten 
to twenty minutes. In one of the patients, a girl of nine \ears, the 
pain and swelling in the wrists, fingers, and knees disappeared 
after the second stance. The distance of the tube amounted to 15 
inches. After each irradiation the nu)bility of the joints was 
increased. 



THE ROXTGEN RAYS 

TUBERCULOSIS 
Southgate Leigh, re- 

jKirted by Werner (Fort- 
schrittc auf dcm Gebiete 
der Ront^enstrahleo, 
Band iii, Heft 3), ob- 
served the cure of tuber- 
(iilosis of the elbow. The 
t'xiiosuri-s lasted two 
liuiirs, and were reportoil 
Iwo or three times a week. 
The total length of the 
period of irradiation was 
twelve hours. Then the 
swelling had disappeared 
and no relapse occurred. 
The time of observation 
wtis eighteen months at 
tile date of the report. 

Kirmissoii (Soeietede 
ehirurgie, February 2, 
1800) reported a case of 
tuberculosis of the wrist, 
wjiich was mnc-h bone- 
filed by ti-") daily seances, 
each one lasting ten min- 
utes. The cure became 
perfect iimler Bier's com- 
pression-treatment. Sim- 
ilar results were reported 
by Biizy, Lancaster. Sain- 
ton, anti Fscherich. 

In pulmonary tuber- 
culnsis good results are 
(-lainicil liy Remlu and Du 
Caste], Berponie and Mon- 
g(uir. Sinapius, Cliante- 
loiibe, Descamps, and Rou- 
illics, Destot and Dubard. 
Sinapius (Die Heilung der Lungentuberculose durch Rontgen- 
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strahlen, I^ipzig, 1897) claimed that he obtained a number of ex- 
cellent results. In seems, however, that the diagnosis was not 
thoroughly established in these eases, therefore the deductions 
have to be taken cum grano salis. In tuberculosis of the larynx 
the prospects of irradiation seem to be more promising. 

The influence of the Rontgen-rays was tried experimentally by 
liie author in the case of n boy of ten years, who suffered from 
tuberculosis of the thumb 
(Fig. 3]fi)- Although 
there was intense irra- 
dtiition, the improvement 
was only slight. Irra- 
diation in combination 
with injections of iodo- 
form glycerine seem to 
give the best results, as 
was al^o shown in this 
case. 

Lymphoma has also 
been treate<l successfully 
by the Hontgen method. 
The author, however, ad- 
vises irradiation after re- 
moval. Coniiidcrable in- 
fluence is also observed 
in adenomatous eondi- ^ 
tions (see Fig. 317). The 
same applies to the treat- 
ment of malignmit li/miilioiiia. 
five years suffering from (his di 
obtained by irradiation. 




Flo. SIR— Mjuonant Lv 



In the case of a woman of twenty- 

*ase (Fig. 318) improvement was 



XRlKAUilA 



The value of the Rontgen-rays as an analgesic has been demon- 
strated in connection with the treatment of malignant growths. 

Gocht (Fortsehrilte auf dem Gebiete der Rontgenstrahlen, 
Band i.) obtained prompt relief from trigeminal neuralgia after 
the second exposure. Freund observed similar results. 



430 



THR It()N'T<!K\* HAYS 



Steinbo (Die Tliernpic der Gcpeiiwnrt, 11)00, No. 6) reported 
a [KTiiiHiu'iit I'lin! in 'i\ ciisi's of ncuralftia. (iruniiuicli (Di'iilschi- 
medicinischo Wochensclirift, IHSi!), \o. ^7) cluing lliat neuralgia 
of the face, occijnif, and of tlie intercostal nerves disappeared. 

In one of tlif juithor's ciws slijrlit r<-lii>f whs oiitaincl. Tlic pa- 
tient, a man of forty years, sufftTrd from infraorbital neuralgia. 
After cxten.-iive resection of llie nerve the author observed a tem- 
porary cure. Nine nuuitliw afterward the same jxiin rei-nrred. 
Irradiation was trietl now until reaction showed up. While the 
dermatitis lasted slifrlit relief 
(VMS obtained. 

It seems that the eledrie 
irritation of the jxTipherie 
nerves inhibits their fiiiictinn. 
so that tlicre is no sensHlion. 
Whether the disttppca ranee of 
cidieky pains observed in some 
of ihe author's eas.-.^ of (hole- 
lilbiasis was due to irradia- 
tion s(.K>ins to be doubtful. 

N()M.\ (CAXORUM OlUR) 

Itcicntlv the author also 
trird to sttidy 111.- iiifim'uce of 
ihe niy-i on noma (caucrum 
oris)- !•>. :i1il is an illiistra- 
PiQ. S19.-NI.M. ,Kitn S<:.„:let Fi:vi:iL 'i"ii "I" l''!^ liorHlile disease 

gangrenous process foiJciMcd a seven' attack of scarlel fever. In 
spite of usirifT Ihe oio>t radical means (c\;-ecti'in (d' ihe necrotic 
area, f(dli>wed In use of Paipiclin's laiilery. aiilisc|>[ie spray, 
neeroiie foei fornu'd apiin. It Mviiied tiial aflcr stnmj; irradia- 
tion the pHHcss was eheckeil. 
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It {i])])onrs (iiiito natural that as tlio direct foiiscqiUMU'O of 
liimt^^cnV (liscoverv otlior rays were detoctod. TIu* llortjurn'l nij/fi, 
for instance (discovered by Bec(|uerel in ISIKJ), may l»e re«;arded 
as Rrmtiren ravs of small intensity. 

Uranium was discovered by Klaj^rotli, a German chemist, more 
than a hundred years a«]:o. l*eli*rot isolated the metallic uranium 
from the chloride in IStO. 

Beequerel showed that especially uranium and its salts an* capa- 
ble of exciting fluorescent screens. Without l)ein<r stimulated by 
any form of electricity, li^dit, or heat, the Rec(pierel rays can 1k^ 
transmitted throutrh wood, ]>astehoard, and even thin metal. They 
seem to he identical with the Kcintgen rays in that they discharge 
electrified bodies, <renerate ozone in the atmosphere, are deflected 
by the ma<rnet, and are ca))able of exerting chemical action. 

'J'be Beccpicrcl rays have less ])enetrative power than the Kiint- 
gen rays, and al>o show poor c(»ntrasts: so that in their present 
shape they cannot U' utilized for diagnostic purposes. 

T'ranium is found in very small amounts. If forms various 
minerals, the commonest of which is the uraninite, bettcT known 
rs I*itschl)lende, a c(»mpound oxide which also contains barium, 
iron, and other metals, and is found in Saxony. Bohemia, England, 
and Colorado. 

In 18!)(> Professor Piern' Curie and Mrs. ruri(\ of Paris, suc- 
ceeded in extract inir fhe ]>olonium from the uranium. Polonium 
shows greater radio-activity than the uranium, and penetrates 
ahuninum to a much greater extent. The ])olonium rays can be 
deflected by a magnet and lose their power very ra])idly. It is 
characteristic for uranium as well as for ])olonium that they can- 
not impart radio-activity. 

Short Iv after the discoverv of ])olonium ^Ir. and Mrs. Curie 
gave the v/orld the most mysterious substance called radium. This 
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remarkable metal was isolated from the barium also found in the 
pitKchlileiule. Mr. Curie regards tlie radium to lie a new element. 
Of the polonium a sufficient quantity has not yet been obtained 
to give a spectnim, wherefore the proof as to whether it be a pure 
element is not hrought'yet. 

Althnupli the radium U called a metal it does, in fact, not exist 
in a mi'tallie Fonn, as it is generally secured as a bromide or a 
chloriile. 

The rays of radium are capable of reducing peroxide of iron, 
bichronijite of potash, and the salts of silver in presence of organic 
substances. They furthermore colorize white paper, glass, and 
porcelain, change the greenish-yellow color of plati no-cyanide of 
barium into a Iirownish variety, and transform white into red 
phospliorus. It was only natural to expect that they would like- 
wise act on the silver gelatine- bromide of photographic plates. 

So far tile radium could Ix' procured oidy from the pitschblende 
found in Ha.vony. Tlie greatest obstacle to the practical utiliza- 
tion of the radium is its enormous price. This deplorable fact is 
well explained by the technical difficulties connected with its sepa- 
ration from the uranium residues. To produce only two pounds 
of the costly substance 8,000 tons of uranium residue are required. 

The activity of radium as well as of polonium and actinium is 
a million times greater than that of uranium. It is most remark- 
able that the temiKTature of radium is always one and one-half 
centigrade over that of the surrounding atmosphere. Thus it may 
be calculated that one hundred small calorics are set off by fifteen 
grains of radium per hour. There are various theories on the un- 
known source of tjiis wuiuUtCuI energy, but so far none of them 
has proved to be sati^fiictory, the most plausible one being that 
there is a projKTty of capturing peculiar radiations which are cov- 
ering the space continuously without being noticed hy us. 

Another marvelous property of radium is that its activity can 
be imparted to otlier substances which may retain this aclivity for 
varying periods of time. Curie re))orted that he could not go near 
to his electrometer to nmkc mt'asurements for liours after having 
been near radium, (jeitcl and KIster ( I'hysikalische Zeit, II, p. 
690) observed that a thin wire of any metal which was charged 
negatively from some source of a current became radio-active. 
The same applies to lightning-rods, leaves of trees, fulling rain or 
snow, at least for a time. 
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It is natural that a substance which excels by such marvelous 
powers must also have some marked physiological effects. They 
made themselves severely felt when Becquerel carried some milium 
in his pocket and sustained a deep burn on his abdomen. 

Danyoz and London found that mice wore killed within four 
to five days by the influence of radium, even if this substance was 
kept at a distance. At first hyperemia of the ears was observe*!; 
later on there was indifference to mechanical irritation, and finnlly 
coma and paralysis supervened. It seems that the function of the 
cerebral nervous system is disturbed first. Autopsy showed pro- 
fuse hyperaemia of the 
subteguniental tissues 
and of the dura mater. 
The size of the spleen 
was greatly reduced. 

Another property of 
radium is that a tube 
containing two or 

three milligrams of ' 

, , , , , Fio. nao— BKi^oR^rH or a Kev-nr Rromtde or 

this wonderful product Rii>[lm. 

held near one's tem- 
ple causes the sensation of a tliiwh of light. If licli! ilicre for a 
few hours, dermatitis will be evoked. Wlicn iipplicil to the noive- 
eenters, a paralyzing effect is produced. This iimy be mi strong 
that it may kill organisms when inflicted upon ihcni. 

Two milligrams of radium inscrteil near the vcrtcbric of a m(ius<' 
caused death in three hours by paralysis, acmrdinji tn I'mfcssor 
Curie. That the radium rays also posses;: liactcricidnl properties 
is evident from the experiments of \V. t'aspari, ,\s(-h, and Kiiiass. 
who observed that the cultiin's of tlic bacillus ])nuiigiiisu> were 
destroyed in three hours. 

Blind people experience a sensation nf light as r^ooii as radium 
is brought near the eyes, 

11. Javal (Revue Inlernationalo de relet-trotherapic ct de la 
radiotherapie, Xovember and December, 1002) finds thai patients 
afflicted with glaucoma or corneal i)p)Kity are able to see rndiuiii 
well, while in case of Idindness due to changes in the retina, no 
vision is obtained from it. 

It was obvious to utilize the physiological properties of radium 
for therapeutic purposes. Undoubted success lias Ikh'u oldaine<l in 
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various disoasjes. cspwiully in lupus, can-iiKumi, and pnrcoma. 
Soiuf invest ipittti^ t-lairii (linl tlic ravs of the radium sliow even a 
grcaffT tlu'rapcutie effect than tlic Ifiintgen rays, and thai lliey 
retluccd tlic rstciil of iualif;uanl firiiwihs in cases where the lt<iiit- 
P'li rays ha<) been 
tried in vain. 

.\ n unihuihted 
advantti{:o of llic ra- 
dium over tlie IJont- 
gen rays !■; Iliat it 
ean he phieed into 
ni u fo u s cavities, 
like the nose, a'so- 
phajrus. stnuiach, 
uterus, urethra, etc. 
The small size of 
the tiilx's alsu (ht- 
niits of cinlicdiliu;! 
Iheni within tile 
tnuimirmis tissue 
thronfrh an n|tenin^' 
made hy puncture. 
Tile r ii d I u ni 
Iroalnu'iit niav nlsn 
U- tried ill ali cases 
in which irradiation 
l.y (lie li.lntL'eh rays 

PlO. !fil.— .SK[,QK*|.n ov HAST.-m- [!.«)Mfi>i: ok '''""'"■ 

H, ,.„.„. In re^'al■d to Hie 

dhi-M,-lir ntili/a- 

tion nf the ni.liuin rays il muM. however, lie .,iid lliiil while then- is 

consi.lcral.lc permeation, ihc contrasts are p.-r. Anolher disad- 

vantajre is ihai it takes hours In rei)ivseiit an iinn^'.^ 

Fi«s. ;!■>(} and ;i->l. for inslaive. are ^-kia.^'raplis made bv the aid 
of radium. 1%'. -.i-iu (key) was taken with :W milligrams of hro- 
mide of radium, the time ot exposure laslin.; one hour. I-'i-r. :i-.*l 
(hand) is (he resiiH of six h.uirs' exposare. li) milli^rrains of hro- 
niide of radium only hein<r used. 

Tile intense illuniinating effect ut the radium is illustrated by 
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the fact that a siillicicMit anioiiiit of it pcTinils of niicToscopical ex- 
amination in a (lark room. 

Radium must be kej)t free from moisture. It eannot be handk^d 
in a loose condition, and is therefore best kept in a sealed glass 
tube. While a higher degree of temperature increases the lumi- 
nositv of radium, moisture reduces it considerably. 

There are other radio-active substances which were sej)arated 
from pitschblend(», as for instanee fhoriufn, which stands next to 
radium as far as radio-act ivitv is concerned, and artininni. a sub- 
stance which jmssesses the characteristics of its associate, the 
thorium. 



CIIAPTKR XXI 
FIXSEX MRTIIOI) AXD ULTHA-VIOLET KAYS 

TiiK nWrviitimis of Professor Niels R. Finsen, of CoiK'nlmgeii, 
on "t'oncontrati'il clicinical VigM rays in medicine," and especially 
llie rcMinrkalilc results lie oi)tained in the Irentmcnt of lupus, 
startled tJic niudical worlil. Since this preliminary report, pub- 
lished in neeenilier, 1S!K1, tlio number of cases of lupus vulgaris sub- 
jected lo liis inetlio.1 by Finsen s«elle<l up to 800. 

(Iriginally Finsen simply ulilizeil the rays of the sun, employ- 
ing the eheTdieal or aclinic rays only and excluding the caustic. 

As is well known, a large quantity of the most effective radia- 
tion, viz.. thai of the ultra-violet, becomes absorbed in passing the 
atmosphere. It is furthermore appreciated that the sun-rays cause 
radiant heat which must be filterMl off. These difficulties Finsen 
tried to overcome by utilizing a solution of ammonio-gulphate of 
copper as a ray filter. 

It soon bwame evident, however, that the chief o'suU was pro- 
duced just by these ultra-violet rays, which become al)sorbe<l to so 
large an extent in passing tlie atmosphere. Tiierefore Finsen se- 
lected the electric arc in place of the sun-niys, also substituting 
quartz as l!u' traiisniilting medium, lii'tween the ijiiartz lenses a 
stream of running water served to alisiirb (he lieiit-niys. Tims ihe 
intensity of the therapeutic effect was increased whih> the time of 
exposiire was shortened. 

'Die fact thai the common arc-lighl gives olf a mucli larger 
amount of ultra-violet rays tlian the sun was known before it was 
practically utilized. That it is stiH far surpassed by the condenser, 
was discovered only recently by Ciiirl, of Xnremherg (see Znr 
Lichtbehandlung mit ultraviolctfen Strahlen, lluenchener Medi- 
cinisehe Wocbensehrift, May 8, 1!'(H), who made use of the actinic 
qualities of the condenser-spark by constructing the lamp which 
is now commonly known as the " Oorl lamp." 

Besides being actinic the ultra-violet rays are characterized by 
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their power of fluorescence. Their effect on the integument of 
higher animals and their bactericidal properties are also well 
marked. 

Finsen's important observation that anaemic tissues are per- 
meated more readily by the ultra-violet rays than those in which 
normal blood circulation takes place induced him to advise com- 
pression of the integumental area, in order to render it as blood- 
less as possible (see also Bie, British Medical Journal, September 
30, 1899. Thus a higher degree of translucency was obtained); 
and, the greater the transparency of the tissues is, the more power- 
ful the therapeutic effect will l)e. It is well to remember, as shown 
in the division on the physiological effects of the Rontgen rays 
(p. 3()0), that the ultra-violet rays present inside of a Rontgen tube 
do not j)enetratc the glass, wherefore they need no practical con- 
sideration in the question of Rontgen irradiation. In other words, 
glass must be considered to be opaque, just like bones, paper, rub- 
ber, and ebonite, while substances like quartz, ice, grape-sugar, 
and pure polished rock-salt are transparent to the ultra-violet 
rays. Polished rock-salt is the most trans])arent substance of all, 
and consequently best fitted for the purpose of compression. 

Gorl very j)roj)erly, therefore, utilized this substance for his 
lamp, which he attached with its condenser to the secondary termi- 
nals of a Huhmkorff coil. This modus operandi simply consisted 
then in pressing the open end of the Gorl lamp, which is fitted with 
a piece of rock-salt against the area to be treated. 

While, with the ingenious apparatus of Finsen, as well as of 
Lortet and Genoud, a cooling medium is re(|uired in order to re- 
duce the radiation of heat, by which the ultra-violet rays are always 
more or less intercepted, the (lorl lamp, by virtue of its feeble 
radiation of heat, can be used as it is. 

Piffard, who deserves credit for having called attention to the 
therapeutic ])roperties of sun- light years ago, modified the Gorl 
lamp in such a manner that its em])loyment became extremely 
simple. 

As alluded to before this method of treatment proved to be 
especially successful in lupus vulgaris. But also in lupus erythe- 
ma todes and other superficial lesions of a benign as well as of a 
semi-malignant character: furthermore in its influence upon the 
vesicles of small-jXKX it also showed marked effects. This natu- 
rally brings up the question, what advantages the Rontgen ray 
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tlnTajiv j»ii^<c^m>s ovfr Ihv niHlioil i>i' Finst'ii. Of ill*; physical 
iiaturt' of llic latter we siirrlv kiunv nion- than of timt of the first. 
We know that the iiltra-vioU't rayw an' foniposcil of the I>lm', violet, 
imlifrti. ami ultra-violet [Kirlimis of the sijieetniiii. while the nature 
of the lioenttren ravs is still \. that is unknown. 

'i'lie iillni-violel ravs. hy viriiie of the short lenjith of their 
wavi's and liy tlicir lii;rli t'rei]uer)fy. i^anse no sensation of light. like 
the Itontjren ravs. Neitlirr ean the Hontjren rays he p<ilarizet( or 
retiec-le.l iin.l rc^lnii 1e<i like ihi' nllni-violel Ii;:li1. As alhnled to in 
llic ;:i'neriil pail ( |i. HI ) llie i)|iaeilv of the If'iiilfreii rays (lq>em!s 
iipiiii ihc liensily or alotnii- weii;ht of thi> ohjects, a faelor which 
iloes not iiilliii-iie.' Ilie prn.'l ration |iowi r of t!u' nitra-vioh't rays. 
In |irc>|iorlioii lo ilie iliirerenee in the jihysical man! festal ions of 
the two kiniN of li^rlil iIutc i- a niarkeil ilissiniilarity in the charae- 
ter of ihe inlianitnnlory anil e.nifioslrve reaetion. In jrrcat contra- 
ilistiii.lion lo Ilie lioiii;ren lij:lil the ultra-violet rays eaiiso but a 
sli<.'ht hyix'ia-Miie eniKlilinTr. whieh <li.-;:i]>]>ears rapidly. It k 
fiirthenn.ire a speeiai liatnre of the ultra-violet rays, (hat these 
symptoms a|'|>eiir i in nieil lately after tlie exposure, Tigmentation 
may he ]irodn<e(l, hut no ilestruetion of healthy tissue, especially 
no hitriis nf the third dcfrree as in Ronttren irradiation. 

The I'ael thai there is so little power of i>enetration shows that 
tlie ultra-violet nivs can ucjI he eonsi.h^ml as elfeetive means in the 
treatment of nialifinant jirowths. 

In inte-;nnienlul iilfeetions of a eosnieti<' eliaraeler the ultra- 
vi<.lel rays show an advanla^ii' "ver the i;<;nt-i>n rays, he.-ause there 
is IK. fear of inlense rea--lion. Tliev niav. llien^fore, also he sul>- 
slilnled in M.eli eases. «here -real' vidneraliililv is shown under 
I!ont,i:<'n niv irealnient. 

The lirm pressure h l.ieli is neeessary lo kee)i up anieniia of the 

snlmii! lonu.iivdailvseaueisof anhour's 



uyn-atdealofpa 
<lu ration. 

All in all. thi 



le of ireaiment ran noi. inijenioiLs as it is. 
in its present slale, eonipele wilh ihe lt;ml;;en method. I'V ^f^^ 
illustrates the nio.his i>[>erandi a1 the Finseti Inslilute in Copen- 
hagen. The lifrht is thrown tlir.iugli large telescopes and concen- 
trated ,m the diseased areas which are .-ontin-essed !iy nurses. 

In (his connection attention is called to the great crinlit due 
to Dr. William J. Morton, of New York I'ity, wlio not only pub- 
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lislird tli(' first liook on tliu Himtgen ray« in this fountry, but also 
i-alii'il atti'iitioii to the tluTaiJoutic ]>n)|n.Ttie8 of a form of ilco- 
trintv callwi "high frLi|ii('iu-y current" as early as 1881. This 
eiirrent is diarauteriKed hy its alternating or oscillating at the rate 
of about one million times a weoml, and lis [wwerful eflett on 
metabolism. The prineiiile of Morton was utilized and modified 
by dWrsonval of J'aris. 

Jn tJK' original Mortnn arrangeiiifnt llicri' l:^ a f^jiark ga|> of an 
incli, while in that of d'Arsonval one of uiiout tun iiu'hi's is used. 




When the d'Arsonval ciirrenl pass's, the |ialienl feels a vibraling 
sensiition lirst and liis hair stand.-; out from the sial)>. Tlien tlierc 
is a feeling of exJiilanition and increasing rnergy. 

What c-hanges the passing currents induce in (he tissues is still 
imkiiowii. Mysterious as the Kiintgen rays and the radium are, 
tlieir iliseoverv meant onlv another new riildle, wliieh may never 
!«■ solved. 
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Acetabular margin, fracture of, 147. 
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Air-brake wheel, 16. 
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Amccba princeps (Ehrbg.), 367. 
Aneurysm, causing osseous atrophy, 
105. 

femoral, 150. 
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Ankle-joint, 102. 
Ankylosis of knee, 159. 
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Aorta, aneurysm of, 101. 
Apparatus, electric, 7. 
Arteriosclerosis, 95. 
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Arthritis deformans, 278. 
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Arthritis gonorrhoica, 276. 
Astragalus, 169. 
Atrophy, acute inflammatory, 260. 
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osteoscope, 26. 



Becquerel rays. 431. 
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photometric scale, 25. 
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Burns, legal aspect of, 355. 
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ureteral, 127. 
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Club hand, congenital, 247. 
Coley's ex[)erience in the ti*eatment of 

carcinoma, 419. 
Colloid degeneration in carcinomaafter 

irradiation, 392. 
Condyle, external, of the humerus, 195. 
Convolvulus arvensis, 367. 
Coronoid process of ulna, 204,208, 277. 
j Cosmetic considerations, 877. 
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Hodgkin's disease, 425. 
Holzknecht's chronioradiometer, 377. 
Humerus, fracture of anatomical neck, 
183. 
fracture of shaft, 191. 
fracture of surgical neck, 181. 
osteomyelitis in, 100, 250. 
wiring of, to the acromion in old 
dislocation, 187. 
Hydrogen diffusion in tube, 18. 
Ilydromeningocele, 65, 
Hydropneumothorax, 02. 
Hyoid bone, fracture of, 81. 
Ilypen^mia caused by the Rontgen 
rays, 361. 
importance of, in tuberculosis. 366, 
387. 
Hypertrichosis, 381. 

Idiosyncrasy, 371, 377. 

Indentation of fragments in osteotomy, 
313. 

Indistinct skiagraphs, 348. 

Induction-coil, 10. 

Inferior maxilla, fracture of, 71. 
growths of the, 73. 

Injuries, legal questions in, 3-4.">. 

Intensifying image. 4H. 

Internal malleolus, fracture of, 166. 

Interrupters, 13. 

Intracapsular fracture oi neck of fe- 
mur, 147. 

Introduction, 1. 

Iodoform, injection of, in goitre, 83. 

Juxtaposition of fragments in de- 
formed fractures, 328. 

Kidneys, 121. 

Klebs-Loeffler bacillus, 367. 
Knee-joint, 154. 

tuberculosis of, 265. 
Kny tube, 18. 
Kuemmel's stereoscopic apparatus, 50. 

Labyrinthula dacryocystis C'ientk, 367. 
Larynx, fracture of, 81. 
Lead mask in Rontgen light treat- 
ment, 881. 



lieg, 160. 
Lenard, 1. 

Lepidium sativum, 367. 
Levi tube, 18. 

Levy-Dorns orthodiagraphic appara- 
tus, 43. 
Lime salts, density of, 61. 
Lipoma of thigh, 293. 
Liver, 110. 
liungs, abscess of, 88. 

echinococcus of, 88. 

gangrene of, 88. 
Lupus vulgaris, 386. 

erythematoiles, 389. 
Lymphoma, treatment by the Rontgen 
ravs in, 420. 

Malformations, 241. 
Malingerers, exposure of, 341, 344. 
Malleolar fracture, 163, 167. 
Malunion in metatarsal fracture, 177. 
Measuring degree of vacuum, 24. 
Measuring stand, Hoffmann's, 43. 
Metliastinum, tumor of, 07. 
Medico- legal aspects of the Rontgen 

ravs, 330. 
Mediocre skiagraphs, 348, 349. 
Medium degree of vacuum in tube, 

20. 
^lelanosarcoma, 408. 
Mercury interrupter, 16. 
Metacarpus, 234. 

splint for fracture of, 236. 
Metastasis in carcinoma, 392, 399. 
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Methotl of therapeutic irradiation, 376, 
380. 

of therapeutic irradiation in malig- 
nant disease, 395. 
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effects of radium on, 433. 
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Morton's principle, 439. 
MQller tube, 18. 
Multiple fractures, legal aspect of, 355 
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liegeneratiuu of tubes, 18. 

Rhachitis, 2TS. 

Rhachitic pelvis, 136. 

Rheostat, 16. 

Rheumatism, treatment of, 427. 

Rhinology, value of ROutgen rays in, 

72. 
Ribs, fracture of, 105. 
Rickets, see rhachitis. 
RSntgen, 2. 
R^intgen tube, 7. 
R<)ntgography, see skiagraphy. 
R<)ntgoscopy, see fluoros(fopy. 



Sarcoma, 284. 

treatment by the ROntgen rays in, 

407. ' 

Scaphoid bone, fracture of. 2JJ0. 
Scapula, fracture of, 105. 
Screen, fluorestMug. 39. 
Sequestrum in ra<lius. 254. 

in femur, 150, 257. 
Sesamoid of the semitendinosus mus- 
cle, 158. 
Shenton*s method for hK'alizing foreign 

bodies, 54. 
Shoulder, 17H. 
Skiagraphy, 44. 
Skiameter, 24. 
Skin, influence of Rontgen rays on, 

362. 
Skull, tuberculous destructitm of, 270. 
Soft tubes, 29. 
Special indications for Rontgen light 

treatment, 381. 
Spina l)iflda, 132. 
Splint for fracture of lower end of 

nulius, 225. 
Spondylitis, 108. 
Stand developing, 47. 
Staphylococcus pyogenes aureus, 360. 
Static machine, 11. 
Stereofluoroscopy, 49. 
Stereoskiagraphy, 49. 
Stomach, tumors of the, 132. 
Supernumeraf}' toes, 247. 
Sajierior maxilla, congenital absence 

of nasal processes of, 248. 



Supracondylar fracture of humerus, 

197. 
Susceptibility, 371. 
Sykosis, 382. 
Syndactylism, 241. 
Syphilis, 280. 

Technique of Rontgen examination, 58. 

Teeth, development of, 74. 
films for the, 75. 

Teleangiectasis after ROntgen light 
dermatitis, 374. 

Tenonitis prolilera calcarea, 268. 

Tentative exposures, 377. 

Therapeutic effects of the Rontgen 
rays, 360. 

Thoracic organs, relations of, 180. 

Thoracic wall, tumors of, 98. 

Thorium, 435. 

Tibia, fracture of, 161. 

Tissues, dilTerent reaction of, 379. 

Tnwjing apparatus, 40. 

Treatment of Rontgen light dermati- 
tis, 376. 

Trichophytosis, 383. 

Trochanter, fracture of. 147. 

Tuberculosis, 264. 
treatment by the Rontgen rays in, 
428. 

Tuberculous f(K'i in the lungs, 88. 
glands of neck, shown by the Ront- 
gen rays, 83. 

TuIm>s, 17. 

Tungstate of calcium screen, 39. 

Typhoid bacillus, 367. 

Tumors of the stomach, 132. 

ricus rodens, 392. 
Ulna, 217. 

dislocation of, in association with 
fracture of nidi us, 232. 

fracture of. in association with frac- 
ture of radius, 231. 
Ultraviolet ravs, 436. 
Underexposure, 47, 48. 
Uranium, 431. 
Urticaria pigmentosa. 386. 
Usefulness of ROntgen rays, 3, 
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Vacuum of tubes, 22, 
Veins, osnifitialiuii of. 97. 

Hclerosis of, 96. 
Ventile lube of Qutiilt.'l<>.L'1i. 10. 
Verttljrn-. fracture of. SI. 

fra<'liire of dorsul, 107. 
Villartl's ampoule u, (i'm'i-rig»\at 

37T. 
Vollohm liilie. IH. 

WalUTiqniinuimiun, 11. 
skinmeter. 24. 
tuLu', il. 



Welinelt interrupter, 18, 38. 
Wire-lclters, Iteck's, for local iz«t ion, 

53,58. 
Wiring of fragments in oateotom;, 

314 
Wiring head of humerus to the ocro- 

rnclius Hiid uliia in nialunion, 214. 



.Veroform-gsuze in dermatilis, 376. 
.Kero form -lanolin in dprmalitis, 376. 
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